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A KEY TO THE NORTH AMERICAN SPECIES OF Pilophorus HAHN 
WITH DESCRIPTIONS OF NEW SPECIES (HEMIPTERA, MIRIDAE) 
Harry H. Knight 1 
ABSTRACT. A key is provided to 53 species of Pilophorus from North 
America, of which eight species are described as new. What little is 
known about habits of the species indicates that several are in part 
predacious on aphids and related soft-bodied insects. New species 
are banksianae from Iowa and Minnesota; desertinus from Nevada; 
mexicanus from Queretaro, Mexico; pinicola from Minnesota; minutus from 
Texas; nicholi from Arizona; hirtus from Idaho; and floridanus from 
Florida. 
KEY TO THE NORTH AMERICAN SPECIES OF Pilophorus HAHN 
1. Hemelytra polished over entire width behind the posterior 
s i 1 very l i ne . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 
Hemelytra polished behind the posterior silvery line but 
exterior to radial vein only . ............................... 27 
2. Posterior silvery band of hemelytra composed of eight silvery 
spots or sections ......................... · · · · · · · · · · · · · · · · · · · 3 
Posterior silvery band of hemelytra composed of fewer sections, 
usually none or perhaps dislocated at the claval suture only·· 6 
3 . Prothorax b 1 ack; length 3. 5 mm or more ... · ·. · · · · · · · · · · · · · · · · · · · 4 
Prothorax yellowish or reddish; length less than 3.5 mm······· · 5 
4. Rostrum reaching upon middle coxae; hemelytra orange yellow, 
shining black behind posterior silvery band; antenna] segment 
11 just equal to width of head across eyes; length 
3.5 mm .................... . ............. . ....... depictus Kngt. 
Rostrum not attaining posterior margin of mesosternum; 
hemelytra fuscous to black, length of second antenna] seg-
ment not equal to width of head across eyes; length 
4. l mm .•............................. . ............ furvus Kngt. 
5. Second antenna] segment linear, but thicker than segment I; 
length 2.9 mm .............. . .................. . •. nasicus Kngt. 
Second antenna] segment more slender on basal half; length 
3.0 mm ................. . ........... . . . ........ heidemanni Popp. 
6(2). Posterior .silvery line complete, straight, not disl .ocated 
l 
at claval suture ..... . ........................... ... ...... . •. 7 
Posterior silvery line dislocated at clavus; legs uniformly 
yellow; antennae yellowish, only the apex of segment 11 dark ; 
hemelytra with short, erect bristles; length 
4.0 mm ...................... . ............... . .. schwarzi Reut. 
Professor, Department of Zoology and Entomology, Iowa State Univer-
sity, Ames, Iowa 50010. 
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7. Posterior silvery 1 ine transverse, narrow, edges sharp and 
clearly defined ..................... ........... ... . ........... 9 
Posterior silvery band transverse, rather wide, not sharply 
defined; silvery pubescence dense, thick to very edges ........ 8 
8. Posterior silvery band with edges diffuse, not sharply de-
fined; rostrum reaching upon posterior trochanters; length 
4. 7 mm . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . d i ff usu s Kn gt . 
Posterior silvery band, wide, tomentum dense, edges sharply 
defined; rostrum just reaching to middle of intermediate 
coxae; length 3.7 mm ........ ..... ..... .. .... clavicornis Popp. 
9. Basal half of hemelytra bearing short, erect bristle-like 
hairs ........................................................ 10 
Basal half of hemelytra not bearing short, erect bristle-
1 ike hairs ... . ................ . ... . . . ....................... 14 
10. Third antenna] segment black, nearly as thick as first 
segment ..................................................... 12 
Third antenna! segment more or less pallid or white ............ 11 
11. Hemelytra dark brown, sparsely set with erect black bristles; 
antenna! segment I II pale, apical half infuscated, frequent-
ly tinged pink; length 5.0 mm ..................... uhleri Kngt. 
Hemelytra light brown, sparsely set with short, black micro-
setae; also with some short golden hairs intermixed on the 
yellowish brown area; antenna! segment I I I black, pale 
on base ; length 4.2 mm . .. . ............ .. ... . microsetosus Kngt. 
12. Scutellum clothed with appressed, sericeous pubescence; 
1 ength 5. 9 mm ................................... hesperus Kngt. 
Scutellum black, polished, nearly glabrous, sparsely set 
with a few, short simple hairs . . ... .... ...... ............... 13 
13. Rostrum reaching to apex of hind coxae; second antenna! 
segment very thick on apical half, (0.21 mm thick); hind 
tibiae broad, flat, strongly curved on basal half; 
length 4.6 mm ..... . . .. ... . ................. . banksianae n. sp. 
Rostrum only reaching apex of middle coxae ; second antenna! seg-
ment not so thick, O. 12 mm thick near apex; hind tibiae not 
so broad, not strongly curved; length 5.0 mm .... vanduzeei Kngt. 
14(9). Antenna! segment 111, black, nearly as thick as segment I . ... 15 
Antenna] segment I I I, more or less pall id or white . ........... 17 
15. Rostrum not reaching beyond apex of middle coxae .............. 16 
Rostrum reaching upon middle of hind coxae; length 3 . 8 mm 
............ .. ... ........... ............ ...... . .. .. jezzardi Kngt. 
16. Rostrum reaching to apex of middle coxae; hemelytra golden 
yellow, fuscous to black behind the posterior silvery line; 
length 5. 5 mm ................................. desert in us n. sp. 
Rostrum only reaching to middle of intermediate coxae; hemelytra 
fuscous to black; scutellum densely clothed with short, 
appressed, silvery pubescence ; basal half of hemelytra dark 
brown, sparsely clothed with appressed golden pubescence; 
length 4.7 mm ................................. mexicanus n. sp. 
17. Posterior tibiae strongly curved, wider on basal half; length 
5.0 mm .... ............ ... ......... . .... ...... tibial is Van D. 
Posterior tibiae not so strongly curved, or wider on basal 
half ........................................... . ............. 18 
18. Pronotum with silvery, silky and tomentose pubescence; length 
5.0 mm . .............. ...... . . .... . ......... .. . strobicola Kngt. 
Pronotum without tomentose pubescence .. . ..... ...... .. ... ...... 19 
19. Silver mark on basal half of corium rather wide, inner half 
turned obliquely distad; length 4.4 mm ........... barberi Kngt. 
Silver mark on basal half of corium not turned obliquely distad.20 
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20. Second antenna] segment linear, or only very slightly and 
gradually thickened from base to apex ....... .... .............. 21 
Second antenna] segment clavate or distinctly thicker on apical 
ha 1 f .......................................... .. .............. 23 
21. Length 3.7 mm; second antenna] segment length 1.25 mm; yellowish 
brown, third segment uniformly brown; length 3.7 mm 
...•...........•..........•....•.•....••.. .. ..•..... taxod ii Kngt. 
Length 4.5 to 5.0 mm; third antenna] segment pall id, apex fuscous 22 
22. Hemelytra cinnamon fulvous anterior to the posterior silvery 
band, the band not interrupted on corium but slightly dislocated 
at claval suture; length 4.8 mm ... . ...•...•.•. .. •.. amoenus Uhler 
Hemelytra yellowish brown anterior to the posterior silvery band , 
the band straight and in a transverse position; length 5.0 mm 
• •.... ... .••........••.•... . .....•.............•.. crass i pes Popp. 
23(20). Second antenna] segment clavate only on the apical one-
fourth; length of segment I I slightly greater than width of 
pronotum at base; length 3.5 mm .•.••.•...•..•••.•.• . buenoi Popp. 
Second antenna] segment clavate on the apical one-third ormore 24 
24. Second antenna] segment with clavate section beginning near the 
apical one-third point; length 3.7 mm .... ...• .•.... laetus Van D. 
Second antenna] segment with clavate section beginning on basal 
half or at middle .•.......................... . ....... . ... . .... 25 
25. Second antenna] segment with clavate section beginning at middle 26 
Second antenna] segment with clavate section beginning on basal 
half and involving the whole segment; length 4.7 mm .•....•. 
. . . . .. . . • . . • .•• . •.••. •. •. . . • ••. •. •• . . . . . . •. . . . •. . • pinicola n. sp. 
26. Length of second antenna] segment greater than width of pronotum 
at base; segments Ill and IV white; length 4.2 mm .•.•.....• 
. . . . • • . . • • . • . . . . • . . . . . • . . . • . . . . . • . • . . . . . • . • . . . . • . . piceicola Kngt. 
Length of second antenna] segment subequal to width of pronotum 
at base; segments 111 and IV infuscated; length 3.7 mm ..... 
•• . . •• . . . . • . •. •• . •• . • . . . . • . . • ; .••..••.•. • .•...•••.. juniperi Kngt. 
27(1). Transverse posterior silvery band continuous, unbroken at 
claval suture or elsewhere ........ .. . . .. . ...... .. ............. 28 
Posterior silvery band dislocated, not forming a continuous 
t r a n s v e rs e ba n d . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . , , . . . . . . . . • • . . 3 0 
28. Length 4.0 mm; pronotum and scutellum brownish bJ~ck; hemelytra 
dark brown, inner half of clavus darker; a Jin~ of bristles 
along posterior edge of corium •.•..•.••••.••• ., perplexus D. & S. 
Length less than 4.0 mm; hemelytra yellowish brown, not shaded 
darker on clavus; the shining areas behind posterior silvery 
band dark brown .•....•..............•.•.••.• , .•. , ••..••....... 29 
29. Hemelytra with soft recumbent pubescence only; without bristle-
1 ike hairs; length 3.3 mm ........................ m.inutus n. sp. 
Hemelytra bearing sparsely set, erect, bristle hairs ; · length 
3.7 mm ...•••.••••••••••••••.•••••.•••••.•.•.••••. nicholi n. sp. 
30. Posterior silvery band widely dislocated ....•.. . ..••...••....•. 31 
Poster i or silvery band modified otherwise ...•..••..••.•• .. ..••• 33 
31. Inner half of posterior silvery band joining with that on clavus 
to form a transverse 1 i ne . . . . . . • • • • . . • • . . • . . . . • . . • . • . . . . • • • • . 32 
Inner segment of posterior silvery line, that on clavus , set 
well forward from the segment on corium; dorsal surface with 
erect long bristles; length 4.5 mm ..•••••••••.•••• hirtus n. sp. 
Inner half of posterior silvery band set wel 1 forward f~ 
that on clavus, forming a separate transverse section or bar 
at middle of cerium; length 3.5 mm ............. floridanus n. sp. 
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32. Length of antenna] segment I I not equal to width of pronotum 
at base; length 3.2 mm .. . .................... . ... geminus Kngt. 
Length of antenna] segment I I exceeding width of pronotum 
at base; length 3.8 mm .......... .. ... .. .. . .... dislocatus Kngt. 
33. Hemelytra brownish yellow, clothed with recumbent pubescence, 
but with a single row of bristle hairs on apical margin of 
corium; length 3.7 mm ............. . ......... chiricahuae Kngt. 
Hemelytra without bristles, dark brown, or yellowish brown 
to reddish brown . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . 34 
34. Pronotum and scutellum black, hemelytra dark brown; rostrum 
reachin g to apices of midd le coxae; length . . ••....•..•..••.. 
4. 0 mm .... . . .... . . ... . . .. ....................... b runneus Popp. 
Pronotum and scutellum yel lowish to reddish brown ............•. 35 
35. Length of antenna l segment I I not equal to width of pronotum at 
base; rostrum scarcely reaching to posterior margin of 
mesosternum ; length 3.5 mm •... . ... . ......•.. . .... walshii Uhler 
Length (l. 14 mm) of antenna] segment I I greater than basal width 
(1.06 mm ) of pronotum; rostrum reaching to apices of middle 
coxae; length 3.4 mm .................... . ....... austral is Kngt. 
36. Posterior silvery band of hemelytra dislocated at radial vein; 
hemelytra fuscous brown; thickness of second antenna] segment 
just equal to thickness of segment I; length 3.2 mm ........ . 
.. . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . fuscipennis Kngt. 
Posterior silvery band not dislocated at radial vein ........... 37 
37. Posterior silvery band dislocated at claval suture •.. .. .......• 38 
Posterior silvery band not dislocated at claval suture ......... 44 
38. C 1 avus fuscous to b 1 ack .... . . . . . .... . . . ... . .. . ................. 39 
Clavus uniformly yellowish brown ... .. .. .. . . .................... 41 
39. Dorsum clothed with fine, simple, yellowish pubescence, inter-
mixed with sparsely set, suberect, bristle-like hairs; length 
3.9 mm . .. . . . . .. . . . . ........ . .. . ... . ........ . .. . . . . setiger Kngt. 
Dorsum lacking bristle-] ike hairs .. . ........ .. .... . .. .. .... . •.. 40 
40. Length of antenna 1 segment I I just reaching from base or pronotum 
to front edge of antenna] fossa; length 4.4 mm •.... opacus Kngt. 
Length of antenna] segment I I slightly greater than distance 
between basal margin of pronotum and apex of clypeus as 
measured from the lateral aspect; length 4.0 mm .. vicarius Popp. 
41. Erect bristles on hemelytra pall id to yellowish .. . ............. 42 
Erect bristles on hemelytra black, thickness of second antenna] 
segment on ap ical half greater than thickness of segment I, 
brown, apical third brownish black; length 4. 1 mm ........... . 
. • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . nevadens is Kngt. 
42. Pronotum and scutellum b l ack; thickness of second antenna] 
segment greater than thickness of segment I .... . . . ........... 43 
Pronotum and scutellum yellowish brown, thickness of second 
antenna] segment j ust equal to thickness of segment I; 
4.2 mm ... . . .. .. . .. . .... . . . . . ...... . ............... sa .licis Kngt. 
43. Length of antenna] segment I I greater than (&),or equal to(~) 
distance between base of pronotum and apex of clypeus; length 
of bristles on corium less than diameter of antenna] segment 
I I on apical half; length 4.3 mm . ... .. . . . . ..... . .. tanneri Kngt. 
Length ( 1. 19 mm) of antenna 1 segment I I much less than di stance 
( l. 36 mm) between base of pronotum and apex of c 1 ypeus; 1 ength 
of bristles on corium much greater than diameter of antenna] 
segment I I on apical half; length 3.8 mm .... . longisetosus Kngt. 
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44(37). Antenna] segment I I strongly clavate on apical fourth, 
reddish yellow, clavate portion black ; length 3.7 mm .... 
133 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . c 1 av i corn is Popp. 
Antenna] segment 11 nof strongly clavate, apical thickness of 
segment 11 not over twice that of segment I ..... . ............. 45 
45. Silver band on basal half of corium in a transverse position .•. . 46 
Silver band on basal half of corium pointing obliquely distad 
toward apex of clavus; posterior silvery band unbroken but 
bending forward to cross the clavus; length 2.7 mm .. exiquus Popp. 
46 . Thickness of antenna] segment I I just about equal to, or only very 
slightly thicker than that of segment I ...................... 47 
Thickness of antenna] segment I I greater than that of segment I, 
slender at pase where it is just half the thickness of apex; 
brown, apical third brownish black; hemelytra fuscous brown, 
pubescence appressed, very fine and short; length 3.7 m~ . 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . mer1no1 Kngt. 
47. Dorsal surface sparsely or thickly clothed with short, erect 
setose hairs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 49 
Dorsal surface without erect, bristly hairs ..................... 48 
48. Pronotum, venter, femora and tibiae, brownish black; hind femo ra 
uniformly dark brown; length 3.4 mm .............. utahensis Kngt. 
Pronotum, venter, femora and tibiae, brownish yellow; hind femora 
with a longitudinal brown stripe on anterior an d on posterior 
aspects, the color changing with the angle of view; length 
4.0 mm .... .............. . ... . ....... ... . . ....... discretus Van D. 
49. Dorsal surface rather thickly clothed with erect, bristly, short 
hairs, inte rmixed on pronotum with appressed silvery pubescence; 
antenna] segments I I and I I I brownish; segment IV white; 
1 ength 4. 0 mm .................................. tomentosus Van D. 
Pronotum without appressed, silvery sericeous pubescence ..... ... 50 
50. Pronotal disk set with numerous erect, yellowish bristle hairs; 
hemelytra un iformly yellowish brown; posterior silvery band 
crosses api cal area of clavus without interruption; length 
3.0 mm ......... .... ......................... ......... balli Kngt. 
Pronotal disk with very few erect dark hairs; hemelytra dark brown, 
clavus darker than corium; posterior silvery line dislocated at 
claval suture; length 4.6 mm ................... clavatus (Linn.) 
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Pilophorus depictus Knight 
Pilophorus depictus Knight, 1923: 539 
Records: DISTRICT OF COLUMBIA: ~July 12, 1909, Washington, D. C. 
(0. Heidemann). 
Pilophorus furvus Knight 
Pilophorus furvus Knight, 1923: 539 
Record: NEW JERSEY: ~June 30, Lakehurst, (Wm. T. Davis) 
Pilophorus nasicus Knight 
Pilophorus nasicus Knight, 1926: 18 
Records: ALABAMA cf Apri 1 20, 1910, Thomasvi 1 le (W. D. Pierce). 
FLORIDA: cf November, 1911, Newberry (Wm. T. Davis). GEORGIA: cf October 
1, 1943, Fort Benning (D. E. Beck). NORTH CAROLINA: cf July 20 (F. F. 
Fisk), at light. 
134 KNIGHT 
Pilophorus heidemanni Poppius 
Pilophorus heidemanni Poppius, 1914: 240 
Records : FLORIDA : <:f May 14, 1927, Orange City (E. D. Ball), "on 
stone pin~'. NORTH CAROLINA: <:f July 20, 1927, Tryon (E. D. Ball). 
WEST VIRGINIA: ~August 20, 1891, Berkeley. 
Pilophorus schwarzi Reuter 
Pilophorus schwarzi Reuter, 1909 : 74 
Pilophorus schwarzi Van Duzee, 1918: 295 
Pilophorus schwarzi Knight, 1968: 167 
Records: CALIFORNIA: Fresno (Van Duzee) 
Pilophorus diffusus Knight 
Pilophorus diffusus Knight, 1968: 168 
Records: COLORADO : Pingree Park, August 20, 1925, (H. H. Knight), 
taken on spruce (Picea). Rices Spur, August, 1900 (E. D. Ball). 
WYOMING: Green River Lake, alt. 8500 ft; Wind River Mts. (H. Ruckes). 
Pilophorus clavicornis Poppius 
Pilophorus clavicornis Poppius, 1914 : 248 
Record: ARIZONA: Described from Flagstaff and not recognized since. 
Pilophorus uhleri Knight 
Pilophorus uhleri Knight, 1923: 538 
Pilophorus uhleri Knight, 1941: 122 
Records : Known from Illinois, Iowa, New Jersey, New York, and Ontario, 
Canada. Breeds on Larix laricina; also collected on Pinus sylvestris. 
Pilophorus microsetosus Knight 
Pilophorus microsetosus Knight, 1968 : 169 
Records: ARIZONA : d9 June 20, 1928, alt. 6200 ft, Chiricahua Mts. 
(A. A. Nichol); d9 August 3, 1917, Grand View, Grand Canyon (H. H. 
Knight); d9 July 19, 1929, Glen Oaks (E. D. Bal 1). COLORADO: d9 July 
13, 1930, Mesa Verde Nat. Park (R. L. Usinger). NEVADA: d9, nymphs, 
August 24, 1965, Nevada Test Site (J. Merino), taken on Pinus monophylla . . 
WYOMING : ~ August 7, 1927, Shoshone Nat. Forest (H . H. Knight). 
Pilophorus hesperus Knight 
Pilophorus hesperus Knight, 1968 : 169 
Records: ARIZONA : cf9 August 9, 1930, San Francisco Mts. (E. D. Ball); 
d9 July 29, 1905, Huachuca Mts. (H. G. Barber); <:f July 28, 1941, 
McNary (L . L. Stitt). COLORADO:cf9 August 7, 1925, Stonewall, alt. 
8500 ft., near Trinidad (H. H. Knight), taken on Pinus scopulorum; 
<:f~ August 10, 1925, Fort Garland, taken on Pinus edulis ; cf9August 14, 
1925, Mesa Verde Nat. Park (H. H. Knight). UTAH: <:f , Bryce Canyon 
(J. Kartchner). WYOMING: 4ci'August 15, 1927, Shoshone Nat. Forest 
(H . H. Knight), taken on Pinus flexilis. 
Pilophorus banksianae new species. 
Allied to pinicola but distinguished by having sparsely set bristles 
on the hemelytra. 
Female. Length 4.8 mm, width 1.7 mm. Head: width 1.26 mm, vertex 
0.66 mm, black, front with small patches of silvery tomentum; eyes red-
brown . Rostrum, length 2.34 mm, reaching to middle of hind coxae, 
brownish black. Antennae: segment I, length 0.44 mm, dark brown; II, 
length 2.25 mm, gradually thickened on apical half, brownish black; I II, 
0.70 mm, black; IV, 0.66 mm, white, dusky on apical half. Pronotum: 
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length 0.87 mm, width at base 1. 29 mm, lateral margins of disk rounded, 
sulcate, black, clothed with recumbent, brownish simple pubescence, 
interspersed with small spots of silvery tomentum. Scutellum : black, 
shining, sparsely set with erect, bristle-like hairs. Hemelytra: 
fuscous to black anterior to the posterior silvery band, sparsely set 
with rows of black bristles; also with a nearly transverse band of 
silvery tomentum across basal one-third point of the corium; the 
posterior transverse silvery band crossing the corium and apex of the 
clavi as a slight ly sinuous line; posterior to this line the surface 
black and shiny when turned to the proper angle of light; shining area 
sparsely clothed with recumbent, brownish-to-golden simple pubescence, 
and interm ixed with small spots of silvery tomentum. Cuneus sharply 
deflexed, black, with fine points of silvery scales. Membrane fuscous, 
with black area bordering apex of areoles, veins slightly paler. Ventral 
surface : black, shining, with silvery tomentum along lateral edge of 
mesosternum. Legs: black, shining, front coxae somewhat paler; posterior 
tibiae flattened, nearly straight, with rows of black bristles, middle 
and front tibiae more brownish. 
Male. Length 4.8 mm; similar to the female in size, color, and 
pubescence. Head : width I .21 mm, vertex 0.61 mm. Antennae: segment 
I, lerigth 0.42 mm ; II, 2.20 mm, thickness 0.21 mm; Ill, 0.72 mm; IV, 
0.63 mm. Pronotum: length 0.91 mm, width at base l.42 mm. Similar 
to the female in color and pubescence. 
Holotype : S' August 22-25, 1971, Brainerd, Minnesota (H. H. Knight), 
collected on jack pine (Pinus banksiana); Knight collection. Al lotype : 
d August 7, 1922, Willow River, Minnesota (H. H. Knight), collected on 
Pinus banksiana. Paratypes: ld, N, collected with the holotype . 
IOWA: S'June 19, S'June 22, d July 2, 1962, Ames (J . C. Schaffner, 
collected on Pinus sylvestris. 
Pilophorus vanduzeei Knight 
Pilophorus vanduzeei Knight, 1923: 540 
Records: Known from Alabama, Illinois, Iowa, 
Minnesota, New Jersey, New York, Pennsylvania. 
sylvestris, and Pinus resinosa. 
Pilophorus jezzardi Knight 
Pi 1 ophorus j ezzard i Knight, 1968: 170 
Maryland, Massachusetts, 
Occurs on pines, Pinus 
Records: COLORADO:~ August 7, 1925, Stonewall, a l t . 8500 ft, near 
Trinidad; d August 13, 1925, Durango; d August 10, 1925, Fort Garland 
(H. Knight);~ July 24, 1900 , Salida (E. Ball). Breeds on Pinus edulis. 
Pilophorus mexicanus new species 
Runs in the key to the couplet with jezzardi Kngt., from which it may 
be separated by the more robust form and by the golden pubescence on the 
hemelytra. 
Male. Length 4.7 mm, width 1.8 mm. Head: width 1.26 mm, vertex 
0.61 mm, black, eyes dark brown. Rostrum, length 1.9 mm, brownish 
black, reaching to middle of intermediate coxae. Antennae: segment I, 
length 0.36 mm, dark brown; I I, 1.81 mm, becoming gradually thicker on 
apical half (0. 15 mm thick), brownish black, thickly clothed with 
brownish pubescence; I I I, 0.63 mm, thickness 0.08 mm, black; IV, 0.59 
mm, white . Pronotum: length 0.85 mm, width at base 1. 59 mm, black, not 
shining, bearing very fine short pubescence; basal margin moderately 
sinuate. Mesonotum: broadly exposed,black, clothed with recumbent, pale-
to-brownish pubescence. Scutel 1um : b lack, central area strongly convex, 
lateral margins and the broad apex rather flat, the flat areas clothed 
with appressed s i lvery pubescence. Hemelytra: dark reddish brown 
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anterior to the posterior silvery band, but the basal area of clavus 
shaded with black; with a short, transverse, tomentose silvery band 
across corium, in line with apex of the scutellum; the transverse 
posterior silvery band nearly straight and unbroken, cutting across 
apical area of clavus, thus separating the posterior one-third of 
corium. Surface behind this posterior band black and shiny when viewed 
under the proper angle of 1 ight. Surface of the hemelytra sparsely 
clothed with recumbent and appressed golden pubescence, more densely 
set behind the posterior silvery band. Cuneus strongly deflexed, black, 
the paracuneus areas clothed with silvery sericeus pubescence. Membrane 
and veins dark fuscous to black; more nearly black bordering apex of 
larger areole. Venter and ventral surface of thorax: black, a tomentose 
silvery band on posterior edge of epimera, also with tomentose silvery 
band each side of abdomen on the third and fourth segments. Legs: 
brownish black, anterior aspect of front coxae, white, tibiae more 
brownish; posterior tibiae black, moderately curved, flattened, with 
four rows of strong black bristles; tarsi black. 
Female. Length 4.4 mm, width 1 .7 mm. Head: width 1.26 mm, 
vertex 0.66 mm. Antennae: segment I, length 0.36 mm; I I, 1.81 mm, 
thickness 0.15 mm ; 111, 0.68 mm; IV, o.61 mm, white. Color, pubescence, 
and structure of antennae very similar to those of male. 
Holotype: d July 22-23, 1970, alt. 5,200 ft, 22 miles east of 
Landa de Matamoros, Queretaro, Mexico (Murray, Hart, Phelps, Schaffner); 
U.S.N.M., collection. Allotype: d, taken with the holotype. 
Pilophorus desertinus new species 
Allied to jezzardi Kngt., but size larger, distinguished by the 
golden-yellow hemelytra. 
Male. Length 5.5 mm. Head : width 1.24 mm, vertex 0.58 mm. 
Antennae: segment I, length 0.43 mm, thickness 0.10 mm; 11, length 2.15 
mm, thickness near apex 0. 17 mm, slender on basal half where thickness 
is less than segment I, reddish brown; I I I, 0.79 mm, brownish black; 
IV, broken. Rostrum reaching to apex of middle coxae, brownish black. 
Pronotum: length 0.89 mm, width at base 1.56 mm; basal margin sinuate, 
disk black, surface dull, coriaceous, clothed with recumbent, golden 
pubescence. Scutellum: black, convex, flattened on top of convex area, 
lateral margins and apex flat, clothed with appressed, silvery tomentum. 
Hemelytra: golden yellow, fuscous to black behind the posterior silvery 
band which is transverse and straight; clothed with fine, recumbent, 
golden-yellow pubescence; also with a basal spot of tomentum on corium 
which if projected transversely, would just pass tip of scutellum. 
Cuneus sharply deflexed, black, sparsely set with golden pubescent hairs, 
paracuneus area with a few silvery tomentose hairs. Membrane fuscous, 
darker over api~es of areoles. Propleura and epimera of mesothorax, 
yellow brown, mesosternum black; femora and posterior tibiae dark brown, 
front and middle tibiae yellowish, front coxae white on anterior aspect; 
posterior tibiae dark reddish brown, flattened, slightly curved; tarsi 
fuscous. Venter: black, shining, with silvery tomentum on sides of 
segments four to six. 
Holotype: d July 6, 1966, 8 miles west of Minden, altitude 
5,500 feet, Douglas Co., Nevada (C. W. O'Brien). 
Pilophorus tibial is Van Duzee 
Pilophorus tibial is Van Duzee, 1918: 292 
Pilophorus tibial is Knight, 1968 : 165 
Records: This species is known only from California and Oregon. 
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Pilophorus barberi Knight 
Pilophorus barberi Knight, 1968: 171 
Records: ARIZONA: <:? July 29, 1905, Huachuca Mts. (H. G. Barber). 
Pilophorus s t robicola Knight 
Pilophorus strobicola Knight, 1926: 19 
Pilophorus crassipes Knight, 1923: 542, (not Poppius) 
Pilophorus strobicola Knight, 1941: 122. 
Records : Known from Illinois, Iowa, Minnesota, New Hampshire, New 
York, North Carol ina, Ohio. Breeds on Pinus strobus. 
Pilophorus taxodii Knight 
Pilophorus taxodi i Knight, 1941: 121 
Records: ILLINOIS: d9 July 26, 1930, Karnak (Knight & Ross); 
3d 4<:?, July 11, 1935, Horseshoe Lake (Delong & Ross), breeding on 
cy·press (Taxodium distichum). TEXAS: d9 May 21, 1964, 7 miles east 
of Seguin (J. C. Schaffner). 
Pilophorus amoenus Uhler 
Pilophorus amoenus Uhler, 1887: 30 
Pilophorus amoenus Knight, 1923: 542 
Pilophorus amoenus Knight, 1941: 122 
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Records : Known from District of Columbia, Georgia, Illinois, Maryland, 
Massachusetts, New Jersey, New York, North Carolina, Ohio, Pennsylvania, 
and Virginia. Breeds on Pinus virginiana. 
Pilophorus crassipes Popp i us 
Pilophorus crassipes Poppius, 1914: 242 
Pilophorus americanus Poppius, 1914: 243 
Pilophorus c rassipes Knight, 1968: 167 
Records : ARIZONA: d July 21, Wi 11 iams. d July 12, Bright Angel 
Trail (H. S. Barber); U.S. Nat. Museum. COLORADO: cJ9 July 19, 1900 
(Ball & Van Duzee) . d9 August 20-24, 1925, Pingree Park; d August 24, 
1925, Estes Park (H. H. Knight). UTAH: <:? July 22, 1966, Grizzly 
Ridge, Daggett County (G. F. Knowlton). Records of this species from 
the eastern United States are incorrect as this western species is 
different from al l eastern species examined. The type of Pilophorus 
americanus Poppius came from Wi 11 iams, Arizona. I have examined type 
material and find it the same as crassipes Popp. 
Pilophorus buenoi Poppius 
Pilophorus buenoi Poppius, 1914 : 243 
The type of this species came from Southern Pines, NORTH CAROLINA 
(J. R. de la Torre-Bueno), and was ~resented to the author many years 
ago by Mr. Torre-Bueno, who was a leading student of Hemiptera and a 
va l ued friend. 
Pilophorus laetus Van Duzee 
Pilophorus laetus Van Duzee, 1918: 294 
Pilophorus laetus Knight, 1923: 543 
Pilophorus laetus Knight, 1941 : 121 
Records: Known from Alabama, District of Columbia, Maryland, Massa-
chusetts, New York, Tennessee, and Virginia. Breeds on Pi nus 
virginiana. 
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Pilophorus pinicola new species. 
Allied to piceicola Kngt. and distinguished in the key. 
Male. Length 4.7 mm, width 1.7 mm. Head: width 1.3 mm, vertex 
0.77 mm, black, finely pubescent, eyes brown. Antennae : segment I, 
length 0.44 mm, thickness O. 10 mm, yellowish brown, darker above, with 
two black bristles on anterior aspect; I I, length 1. 97 mm, clavate on 
apical half, thickness 0. 17 mm, black, more brownish on basal half; 
111, length 0 . 70 mm, slender, white, thickness 0.09 mm; IV, 0.52 mm, 
pale, dusky on apex. Rostrum : length 1.74 mm, black, reaching to 
middle of hind coxae. Pronotum: length 0.92 mm, width at base 1.35 
mm, black, lateral margins of disk sulcate, surface of disk scabrous, 
black, minutely pubescent, surface slightly impressed between calli. 
Scutellum: black, shining, strongly convex on middle, apex nearly flat, 
rugose , shining . Hemelytra: reddish brown anterior to the transverse 
silvery line, dark fuscous on narrow base of clavus; a silver band 
across middle of embolium and cor i um, ending at claval suture ; posterior 
silvery band nearly straight, crossing near apex of clavi; black and 
shining behind the transverse silvery band ; pubescence minute, slightly 
more evident along apical margin of corium; cuneus black, shining, inner 
basal angles with some silvery tomentum; membrane black on basal half, 
fading to a clear apical one-third. Legs: black, shining, hind coxae 
pallid on apical half, trochanters white; middle coxae black, front 
coxae pallid to white on basal half; tibiae more brownish, hind pair 
just moderately curved, strongly flattened, black, with three rows of 
black bristles; hind tarsi pall id to white, apical segment and claws 
black. Venter and sternum black , shining, moderate ly pubescent, a 
patch of silvery tomentum each side of second and third ventral seg-
ments. 
Holotype : ~August 23-25, 1971, Brainerd, Mi nnesota (H. H. Knight), 
collected on jack pine (Pinus banksiana) ; author's collection. Para-
~: 7~~ , taken with the holotype . 
Pilophorus piceicola Knight 
Pilophorus piceicola Knight, 1926; 19 
Records: NEW YORK : ~ July 31, 1920, Cold Spring Harbor; ~ July 
25, 1922, White Plains; cf July 5, 1924, Hartsdale (J. R. de la Torre-
Bueno), found breeding on spruce (Picea). IOWA : d9 June 13 and June 
19, 1962, Ames (J . C. Schaffner) on Pi cea pun gens. 
Pilophorus juniperi Knight (Fig. 1) 
Pi lophorus juniper i Knight, 1923 : 543 
Pilophorus juniperi Knight, 1941 : 123 
Records : Known from 111 inois, District of Columbia, Iowa, Maryland, 
Massachusetts, Minnesota, New Jersey, New York, and South Dakota. 
Breeds on red cedar (Juniperus virginiana). 
Pilophorus perplexus Douglas & Scott 
Pi lophorus perplexus D. & Scott, 1875: 101 
Pilophorus perplexus Knight, 1941: 121 
Records: A European species known from Connecticut and New York and 
from Nova Scot ia and Ontario, Canada . 
THE GENUS Pilophorus HAHN 
Pilophorus dislocatus Knight 
Pilophorus dislocatus Knight, 1968: 171 
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Records: ARIZONA: 2d 6cj?, July 29, 1905, Huachuca Mts. (H. G. Barber); 
d September 1, 1940, Springerville (L. L. Stitt). COLORADO: c:J9 August 
7, 1925, Stonewall, alt. 8500 ft, near Trinidad (H. H. Knight), taken 
on Pinus ponderosa. 
Pilophorus minutus new species 
Allied to nicholi n. sp. but distinguished by the dorsal surface 
having only fine recumbent pubescence. 
Female . Length 3.3 mm. Head: width 0.87 mm, vertex 0.43 mm, 
yellow brown. Antennae: segment I, length 0.22 mm; I I, I. 12 mm, slender, 
thickness just equal to segment I, yellowish, apical half brownish; Ill, 
0.62 mm brownish; IV, 0.52 mm, white, apex dusky. Rostrum: length 1.3 
mm, reaching to middle of hind coxae, dark brown. Pronotum: length 
0.64 mm, width at base 0.96 mm; lateral margins rounded, yellow brown. 
Scutellum : yellow brown, with silvery tomentose spots on basal angles 
and on the flat apex. Hemelytra: yellowish brown, sparsely clothed 
with recumbent, golden-pubescent hairs, with a tomentose silvery spot 
across basal one-third point on corium, angled slightly to the rear; 
also with posterior silvery band across corium and before apex of clavus, 
and exterior to radial vein on corium, fuscous brown in color; the dark 
area on cerium shining under certain angles of light. Membrane pale 
fuscous brown, darker over apex of larger areole. Ventral surface of 
body, and the legs, brownish yellow; tibiae paler, tarsi dusky to fuscous. 
Holotype: ~August 8, 1966, 13 miles north of Presidio, Texas, 
(C. L. Cole); U.S.N. Museum collection. Allotype: d, taken with the 
type. 
Pilophorus nicholi new species (Fig. 2) 
Allied to minutus n. sp., but distinguished by having erect, bristle-
1 ike hairs intermixed on the hemelytra. 
Female. Length 3.7 mm. Head: width 0.96 mm, vertex 0.49 mm. 
Antennae: segment I , length 0.31 mm; I I, 1.35 mm, 1 inear, equal to seg-
ment I in thickness, yellowish brown, darker on apical half; 111, 0.66 
mm, brown; IV, 0.38 mm, white, apex dusky. Rostrum: length 1.38 mm, 
reaching to apices of hind coxae, dark brown. Pronotum: length 0.56 
mm, width at base 1.04 mm, width at middle 0.73 mm, yellowish brown . 
Scutellum: spots of silvery tomentum on basal angles and flat apex. 
Hemelytra 1 ight ye l low brown, sparsely set with erect golden bristle 
hairs; with a tomentose silver spot across basal one-third point on 
corium, angled slightly to the rear; also with the posterior silvery 
band across the cerium and before apex of clavus without dislocation at 
any point. Behind this silvery band on clavus and exterior to radial 
vein on corium, fuscous brown in color; the dark area on cerium shining 
under certain angles of light. Membrane fuscous, shaded darker over the 
areoles. Venter: dark brown, basal area yellowish, thorax also yellowish. 
Legs: brown, tibiae and tarsi darker. 
Holotype: ~April 16, 1928, altitude 2400 ft, Superior, Arizona, 
(A. A. Nichol); Kn ight collection. Paratype: ~September 29, 1940, 
Globe, Arizona (Loyd L. Stitt). The species is named in honor of 
Andrew A. Nichol, one of my early students at the University of Minnesota, 
who went on to do ecological work on deer for the state of Arizona, and 
at odd moments col l ected Miridae for the author. 
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Pilophorus hirtus new species 
Distinguished by having the posterior silvery line widely dislocated, 
and with the part on clavus placed well forward from the section on 
corium; dorsal surface set with erect long bristles, more prominent on 
corium and embolium. 
Male. Length 4.5 mm, width 1.6 mm. Head : width 1. 1 mm, vertex 
0.52 mm. Antennae : segment I, length 0.35 mm, thickness 0. 12 mm; 11, 
length 1.9 mm, basal half only equal to segment I in thickness, slightly 
thicker on apical half (thickness 0.10 mm); 111, 0.61 mm, slender, 
pallid, apical half infuscated; IV, 0.52 mm, fuscous, narrowly pale at 
base. Rostrum: length 2.25 mm, reaching to middle of hind coxae, brown. 
Pronotum: length 1.26 mm, width at base 1.35 mm, dark fuscous brown, 
clothed with short, appressed,fine yellowish pubescence, intermixed 
with long erect bristle hairs. Hemelytra: long erect bristles, except 
on clavus where bristles occur only on base; color dark brown behind 
posterior silvery line on outer half of corium, the area shining by 
reflected light. Cuneus brown, sparsely set with bristles; inner basal 
angles with silvery tomentum. Membrane fuscous, slightly paler within 
areoles. Legs: uniformly brown, tibia not darker. Sternum: brown, 
moderately shining. Venter: dark brown, basal segments pale yellowish 
beneath, with silvery tomentum on sides of segments three to six. 
Holotype : d' July 17, 1934, alt. 2231 ft , Parma, Idaho (E. L. 
Turner); Knight collection. 
Pilophorus floridanus new species 
Allied to qeminus Kngt., but slightly larger, the silvery sericeous 
bands broken into short sections. 
Male. Length 3.5 mm, width 1. 12 mm. Head: width 0.96 mm, vertex 
0.47 mm; dark brown. Antennae: segment I, length 0.21 mm, thickness 
0.08 mm, set with three bristles; 11, length 0.87 mm, very slightly 
thicker on apical half (0.09 mm thick), reddish brown; I I I, 0.37 mm, 
slender, brownish, half the thickness of segment I I; segment IV missing. 
Rostrum: length 1 .21 mm, reaching upon apex of middle coxae, pallid, 
base and apex brownish. Pronotum : length 0.66 mm, width at base 1.10 
mm, dark brown, minutely pubescent. Scutellum: reddish brown, finely 
pubescent, with white sericeous spots on basal angles and apex. 
Hemelytra : yellowish brown, narrow basal angles dark brown, finely 
pubescent, a few longer, erect hairs on apex of corium and inner 
margins of cuneus; apex of clavi dark, the area deli mited at base by 
silvery tomentum; outer apical half of embol ium and corium dark brown, 
shining, inner apical angles of corium dull brown; cuneus dark brown, 
inner basal angle and apex with silvery tomentum. Membrane fuscous, a 
darker spot on middle and bordering apex of cuneus . Ventral surface: 
dark brown, shining; a silvery band bordering lateral margin of sternum, 
also a band each side on basal half of abdomen; coxae white, femora dark 
·brown; tibiae reddish brown, spines black; posterior tarsi white, 
anterior pairs white to yellowish. 
Holotype: d' May 6, 1927, Orange City, Florida (E. D. Ball); 
Knight collection . Collected on 11 Stone pine11 • 
Pilophorus geminus Knight 
Pilophorus geminus Knight, 1926: 22 
Pi lophorus geminus Knight, 1941 : 122 
Records: MINNESOTA : d' August 7, 1924, St. Paul; 2d' June 20, 1921, 
New Ulm (H. H. Knight). WISCONSIN: ~ June 11, 1910, Wonewac (J. G. 
Sanders). 
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Pilophorus chiricahuae Knight 
Pi lophorus chiricahuae Knight, 1968: 172 
Records : ARIZONA: 2~ June 20, 1928, alt. 6200 ft Chiricahua Mts. 
(A. A. Nichol). 
Pilophorus brunneus Poppius 
Pilophorus brunneus Poppius, 1914: 244 
Pilophorus brunneus Knight, 1923: 544 
Pilophorus brunneus Knight, 1941: 123 
Records: Known from 11 l inois, Indiana, Iowa, 
Missouri, New York, Ohio, and Ontario, Canada. 
(Salix spp.). 
Pilophorus walshii Uhler 
Pilophorus walshii Uhler, 1887: 30 
Pilophorus walshii Knight, 1941: 123 
Maryland, Minnesota, 
Occurs on will ow 
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Records: Known from District of Columbia, Illinois, 
Maryland, Missouri, Ohio, Pennsylvania, and Virginia. 
locust (Gleditsia triacanthos). 
Indiana, Iowa, 
Breeds on honey 
Pilophorus austral is Knight 
Pilophorus austral is Knight, 1926: 21 
Records: Described from Donaldsonville, LOUISIANA, d9 June 17, 
1917 (H. H. Knight). C.ollected only on willow (Salix sp.). 
Pilophorus fuscipennis Knight 
Pilophorus fuscipennis Knight, 1926: 23 
Pilophorus fuscipennis Knight, 1968: 168 
Records: ARIZONA: d9 August 3, 1917, Grand View, Grand Canyon 
(H. H. Knight). COLORADO: d August 7, 1925, Stonewall, alt. 8500 ft, 
near Trinidad (H. H. Knight); d9 August 10, 1925, Fort Garland (H. H. 
Knight), taken on Pinus edulis. Breeds on Pinus edulis. 
Pilophorus setiger Knight 
Pilophorus setiger Knight, 1941: 124 
Records: ILLINOIS: 22. June 30, 1932, Galena (Dozier and Mohr); cf 
July 10, 1934, Galena (Delong and Ross);~ May 31, 1914, Palos Park 
(W. J. Gerhard); d June 9, 1912, ~ September 4, 1904, Willow Springs 
(W. J . Gerhard). MINNESOTA: d June 30, 1922, Kings Bluff, Winona 
County (H. H. Knight), type specimen. SOUTH DAKOTA: d August 19, 1923, 
Trail County (A. A. Nichol). 
Pilophorus opacus Knight 
Pilophorus opacus Knight, 1926: 24 
Pilophorus opacus Knight, 1968: 168 
Records : COLORADO: 3d ~ August 17, 1925, Gunnison (H. H. Knight), 
on Chrysothamnus; 6~ August 15, 1925, Dolores (H. H. Knight), on Chryso-
thamnus; d July 31, 1900, Ridgway; ~August 2, 1900, Ridgway (E. D. Ball). 
Pilophorus vicarius Poppius 
Pilophorus vicarius Poppius, 1914: 245 
Pilophorus vicarius Knight, 1968 : 168 
Records: ARIZONA: described from Williams. COLORADO: d9 
August 20, 1925, Pingree Park; ~August 7, 1925, Stonewall, 8500 ft, 
near Trinidad (H. H. Knight). 
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Pilophorus nevadensis Knight 
Pilophorus nevadensis Knight, 1968: 172 
Records: NEVADA : 11 ~ July 12, 1965, 15 miles east of Wells (H. H. 
Knight~ Collected by beating Chrysothamnus sp. 
Pilophorus salicis Knight 
Pi lophorus sal icis Knight, 1968: 173 
Records: COLORADO : ~August 6, 1925, Los Ani mas (H . H. Knight), 
taken on sage willow (Salix sp.); ~August 19, 1898, Fort Collins;~ 
June 16, 1900, Rocky Ford (E. D. Ball). NEVADA:~ June 7, 1966, Verdi, 
Washoe County (W. Gagne). 
Pilophorus tanneri Knight 
Pilophorus tanneri Knight, 1968: 173 
Records: UTAH:~ August 15, 1929, Richfield (E . W. Davis), at light 
trap; ~. Parawan (V . M. Tanner) . 
Pilophorus longisetosus Knight 
Pilophorus longisetosus Knight, 1968: 174 
Record: COLORADO : ~August 2, 1900, Colorado Springs (E. D. Ball). 
Pilophorus clavicornis Poppius 
Pilophorus clavicornis Poppius, 1914: 248 
Pilophorus clavicornis Knight, 1968: 168 
Record: ARIZONA: Described from Flagstaff and not recognized since. 
Pilophorus exiguus Poppius 
Pilophorus exiguus Poppius, 1914: 246 
Pi 1 ophorus ex i guus Knight, 1968: 168 
Records: ARIZONA:~ June 22, 1925, Bright Angel Trail, Grand Canyon, 
alt. 7000 ft (A. A. Nichol). 
Pilophorus merinoi Knight 
Pilophorus merinoi Knight, 1968: 175 
Records: NEVADA: ~ June 24, 1965, Area 16M, Nevada Test Site; d 2~, 
June 25, 1965, Area 401M, Nevada Test Site (H. H. Knight and J.M. 
Merino). Nymphs and adults all taken on Pinus monophylla. 
Pilophorus utahensis Knight 
Pilophorus utahensis Knight, 1968: 175 
Records: COLORADO: 5d n July 25, 1900, Grand Junction (E. D. Ball). 
UTAH: d October 12, 1932, Leeds (E.W. Davis). 
Pilophorus discretus Van Duzee 
PJlophorus discretus Van Duzee, 1918: 290 
Pilophorus discretus Knight, 1968: 168 
Records : CALIFORNIA : ~October 3, 1913, Alpine; ~May 28, 1917, 
Colton, San Diego County (E. P. Van Duzee). 
Pilophorus tomentosus Van Duzee 
Pilophorus tomentosus Van Duzee, 1918: 291 
Pilophorus tomentosus Knight, 1968: 168 
Records: CALIFORNIA: ~June 24, 1914, San Juan Capistrano, (E. P. 
Van Duzee). 
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Pilophorus ~Knight 
Pilophorus balli Knight, 1968: 176 
Records: COLORADO:d July 28, 1900, Grand Junction;d'9 September 
10, 1901, Fort Collins (E. D. Ball). 
Pilophorus clavatus (Linnaeus) 
Cimex clavatus Linnaeus, 1767: 729 
~horus clavatus Westwood, 1840: 121 
Pilophorus clavatus Van Duzee, 1917 : 378 
Pilophorus clavatus Knight, 1923: 544 
Pilophorus clavatus Knight, 1941: 124 
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Records : A European species known from North America; from British 
Columbia, Nova Scotia, and Ontario, Canada;and from Colorado, Illinois, 
Iowa, Massachusetts, Michigan, Minnesota, New York, and North Dakota. 
Occurs on oak trees (Quercus spp.), in part predacious in food habits. 
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ABSTRACT. Distribution and relative-abundance data of submersed aquatic 
rnacrophytes were collected from lakes West Okoboji, Big Spirit, East 
Okoboji, Upper Gar, Minnewashta, and Lower Gar in July and August, 
1972, as part of a more extensive study of the Iowa Great Lakes Region. 
These data were compared .with reports of earlier investigators. Species 
composition has remained relatively stable in lakes West Okoboji and 
Big Spirit since early in this century. Many species of vascular hydro-
phytes occur downward to a depth of 6.5 rn in Lake West Okoboji and to 
4 rn in Big Spirit Lake. Nonvascular rnacrophytes (Characeae) were found 
somewhat deeper. Species composition, distribution, and abundance have 
been drastically reduced in lakes East Okoboji, Upper Gar, Minnewashta, 
and Lower Gar where dense blooms of blue-green algae commonly occur. 
Submersed rnacrophytes in the East Okoboji chain of lakes were restricted 
to water less than 1.5 rn deep. A direct relationship exists between 
Secchi disc transparency and submersed rnacrophytes, but the relationship 
between planktonic blue-green algae and submersed rnacrophytes is inverse. 
INTRODUCTION 
A survey was made during July and August, 1972, to determine 
distribution and abundance of aquatic rnacrophytes in six lakes in Dick-
inson County, Iowa (Fig. 1). Three major lakes--West Okoboji, Big 
Spirit, and East Okoboji--and three minor lakes--Upper Gar, Minne-
washta, and Lower Gar, forming a chain below Lake East Okoboji--were 
included in the survey. Species composition and distribution for the 
six lakes in 1972 are compared with those published by earlier investi-
gators. 
Lake West Okoboji is by far the deepest natural lake in Iowa, with 
a maximum depth of 42.7 rn (Bachmann, Bovbjerg, and Hall, 1966). In most 
places, except bays, the bottom slopes downward rapidly. Gravel, sand, 
and ooze (sensu Ruttner, 1963) are the most common bottom materials, 
but areas of boulders are extensive. 
Big Spirit Lake is the largest natural lake in Iowa . Its basin 
is saucer-like and slopes gradually downward to a rnaxirnu~ depth of 
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Figure l. Map of the Iowa Great Lakes Region. 
SUBMERSED AQUATIC MACROPHYTES 
about 8 m (Sigler, 1948). Most of the bottom is sand and ooze, al-
though some gravel and boulders are encountered. 
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Lakes East Okoboji, Upper Gar, Minnewashta, and Lower Gar have 
similar characteristics and can be considered together. When all four 
are considered, they will be referred to as the East Okoboji chain of 
lakes since they represent a continuous chain divided by narrow con-
strictions. Most of Lake East Okoboji is 1 ess than 6 m deep, and the 
northern half of the lake is mostly less than 2 m deep. The bottom 
consists mostly of sand and ooze with restricted areas of larger 
substrate, Lakes Upper Gar, Minnewashta, and Lower Gar are shallow 
(Miller, 1971) with bottom characteristics much like those of Lake 
East Okoboji, and will be referred to as the Gar Lakes when Lake East 
Okoboj i is exc 1 uded. 
Table 1 shows the surface areas of all six lakes and the mean 
Secchi disc transparencies from January until September 1972 (Secchi 
disc transparencies were determined by John R. Jones, pers. commun.). 
Lake West Okoboji is the clearest of the lakes followed by Big Spirit 
Lake. Transparency was the poorest in the East Okoboji chain of lakes 
where occasionally the Secchi disc disappeared only a few centimeters 
below the surface, due to the blooms of blue-green algae. 
PREVIOUS WORK 
Iowa Lakeside Laboratory, adjacent to Little Miller's Bay on the 
west side of Lake West Okoboji, has been used by botanists investi-
gating the Iowa Great Lakes Region since the laboratory was founded 
in 1909. Before the Iowa Lakeside Laboratory was established, Cratty 
(1896) cited species from the Iowa Great Lakes Region, and Shimek (1896) 
supplemented Cratty 1 s list of aquatic macrophytes. Wylie (1911, 1920) 
described the aquatic vegetation of Lake West Okoboji. He estimated 
that nearly 445 hectares (1100 acres) were colonized by aquatic macro-
phytes. Shimek (1915) gave a detailed account of the aquatic macrophytes 
collected between 1894 and 1915 in his survey of the plant geography of 
the Okoboji region. L. H. Pammel, assisted by J. L. Seal, reported on 
field work done in 1915 for the Iowa State Highway Commission (1917). 
The latter two studies included all six lakes in the present study and 
gave relative abundance of taxa. Unfortunately, Shimek grouped several 
smaller lakes together with Big Spirit Lak~ making a distinction im-
possible. Sigler (1948) published a comprehensive report on the aquatic 
and shore vegetation of Big Spirit Lake in 1946. Volker and Smith (1965) 
compared the aquatic macrophytes of Lake East Okoboji in 1961 with those 
in Pammel's 1915 study. 
METHODS AND MATERIALS 
Because visibility varied among the lakes, different collecting 
methods were used. In Lake West Okoboji and Big Spirit Lake, 
transects perpendicular from the shore to the end of the vegetation 
zone were established about every 400 m. SCUBA (self-contained under-
water breathing apparatus) was used to provide a detailed, in-site 
survey of most transects in both lakes. A waterproof clipboard with 
heavy polyethylene plastic sheets and a grease pencil were used to re-
cord observations underwater. A number was assigned to each taxon known 
to occur in the lakes, and occurrence frequency was determined by re-
cording appropriate numbers as each transect was traversed. An under-
water compass was used to maintain heading, and the depth at the end of 
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Table l. Surface area, mean Secchi disc transparency, and maximum depth 
and bottom area colonized by submersed macrophytes of the 
Iowa Great Lakes Region. 
w B E u M L 
E I A p I 0 
s G s p N w 
T T E N E 
s R E R 
0 p 0 w 
K I K G A G 
0 R 0 A s A 
B I B R H R 
0 T 0 T 
J J A 
I I 
Surface area Hectares 1540 2300 759 17 46 93 
(Acres) 3805 5685 1875 42 115 230 
Mean Secchi disc Meters 4.2 2.8 1.0 0.8 1.6 0.7 
transparency 
January-September (Feet) 13.6 9.2 3.3 2.6 5.2 2.3 
1972 
Maximum depth Meters 6.5 4.0 1. 5 1.0 1.0 1.0 
colonized by 
vascular macro- (Feet) 21.0 13 . 0 5.0 3 . 3 3.3 3.3 
phytes 
Maximum depth Meters 8 . 0 5.0 1 .5 
colonized by 
charophytes (Feet) 26.0 16.0 5.0 
Bottom area Hectares 565 575 
colonized by see text ---
vascular (Acres) 1395 1420 
macrophytes 
each transect was determined with a capillary depth gauge. Distance 
from shore to the end of each transect was estimated by an assistant on 
shore with the aid of a distance f i nder focused on a red and white 
divers flag. 
For transects where SCUBA was not used, collections were made froma 
boat along each traverse from the shore to the outer limit of aquatic 
macrophytes. The plant grapple used was constructed by cutting a garden 
rake in half, welding the two halves back to back and attaching two 
lightweight iron rods to the sides. The grapple was thrown into the 
water, allowed to sink to the bottom, then pulled into the boat every 
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few meters . Pl ants entangled in the teeth of the grapple were identi-
fied and recorded. 
SCUBA equipment could not be used in the East Okoboji chain of 
lakes because of poor visibility caused by dense growth of blue-green 
algae; therefore , all collections were made with the grapple. In addi-
tion to recording taxa encountered, relative abundance and the distance 
plants extended from shore were estimated. 
In most instances determinations of species were made at the site. 
Some specimens were brought into the laboratory for identification and 
preservation. Keys by Beal and Monson (1954) and Fassett (1957) were 
most often used. Nomenclature usually follows Gleason and Cronquist 
(1963). Voucher specimens will be deposited in the Iowa Lakeside 
Laboratory Herbarium. 
Distribution' maps were constructed by shading areas on the map, 
corresponding to the areas where the plants were found. If a taxon was 
encountered in adjoining transects, we presumed that d istribution was 
continuous and shaded the area between transects. The shading also 
indicates the approximate distance each taxon extended from the shore. 
RESULTS 
The objective of this study was to record the distribution and 
abundance of aquatic macrophytes in all six lakes and to compare the 
results with previous records. The distinction between aquatic and 
terrestrial plants was arbitrary, and even artificial boundaries were 
difficult to def ine. Before the study began, agreement was reached to 
give prime consideration to submersed taxa and only cursory attention 
toemergent species. 
Table 2 compares the taxa found in this survey with those re-
ported by Shimek (1915), Pammel (l.!J. Iowa State Highway Commission, 
1917), Sigler (1948) and Volker and Smith (1965). The preceding dates 
are those of pub l ication, but the dates in the title of Table 2 refer 
to the years when the surveys were made. All the earlier workers, ex-
cept Sigler, used an abundance rating scheme as follows: (1) very 
abundant and dom inant, (2) abundant, (3) common, (4) frequent, (5) 
less frequent. Schemes such as this, including ours, are subjective 
and dependent upon the impressions of the various workers. We have 
used a three-number rating scheme as follows -: (1) abundant (in-
cludes (1) of previous workers), (2) common (includes (2 ) and (3) of 
previous workers ) , and (3) scattered (includes (4) and (5) of previous 
workers). Numbers credited to Sigler (1948) are based upon comments 
he made in his publication. 
DISCUSSION 
Nonvascular Aquatic Macrophytes (Algae) 
Characeae 
The Characeae are not shown in Table 2 because none of the previous 
workers listed in the table considered them. 
Chara contraria A. Br. ex Kutz (Fig. 2). This was one of the most 
abundant and widespread macrophytes in Lake West Okoboji and Big Spirit 
Lake. It was encountered on almost every transect in both lakes, be-
ginning in very shallow water at the edge of the wave zone and ex-
tending beyond a l l vascular macrophytes except occasional clumps of 
Ceratophyllum demersum. In Lake West Okoboji f. contraria commonly 
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Table 2. Submersed aquatic macrophytes of the Iowa Great Lakes Region, 
co 11 ected by Shimek in 1894 to 1915, Sigler in 1946, Volker 
and Smith in 1961 and Crum in 1972. 
LAKES AND INVEST I GATORS GAR CHAIN 
Abundant w B E c c u M L 
E I A 0 0 p I 0 
2 Common s G s M M p N w 
T s T B B E N E 
3 Scattered I I R E R 0 p 0 N N w 
- = Taxon was not K I K E E G A G 
collected 0 R 0 D D A s A B I B R H R 





s p c p s c s p v c s p c c c 
H A R A I R H A 0 R H A R R R 
I M u M G u I M L u I M u u u 
M M M M L M M M K M M M M M M 
E E E E E E E E E 





Na j as f 1 ex i 1 is 2 3 1 3 3 2 3 3 3 3 
Potamoqeton amplifolius 3 3 3 3 3 3 3 3 
Potamogeton crispus 3 
Potamogeton diversifolius - 3 3 3 
Potamogeton epihydrus 3 3 
Potamogeton 1 subsection 
Pus i 11 i (Complex) 2 2 2 
Potamogeton fol iosus 2 2 3 3 3 3 3 
Potamogeton fries ii 3 3 3 3 
Potamogeton pus i 11 us 3 3 3 3 
Potamogeton gramineus 3 3 
Potamogeton i 11 inoensis 3 2 2 
Potamogeton natans 3 3 3 3 3 3 2 3 
Potamogeton nodosus 3 3 3 3 3 3 3 3 3 3 
Potamogeton pectinatus 2 2 1 2 3 1 2 2 2 2 2 3 2 2 2 
Potamogeton praelongus 3 3 3 3 3 3 3 3 3 
Potamogeton r i cha rd son i i 2 3 1 3 1 1 2 3 3 2 2 2 3 
Potamogeton zosteriformis 2 3 1 3 2 3 2 3 3 
~ maritima 1 
Zannichellia palustris 3 3 3 3 3 3 3 3 3 3 3 
HYDROCHARITACEAE 
Elodea canadensis 2 2 2 3 2 2 3 2 3 3 
Vallisneria americana 2 3 1 3 3 2 2 3 2 3 
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PONTEDER I ACEAE 
Heteranthera dubia 
DI COTYLEDONS 
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H A R 
I M u 










B E c c u M L 
I A 0 0 p I 0 
G s M M p N w 
s T B B E N E I I R E R p 0 N N w I K 
R 0 E E G A G 
I B D D A s A 
T 0 R H R 
J T 
I A 
p s c s p v c s p c c c 
A I R H A 0 R H A R R R 
M G u I M L u I M u u u 
M L M M M K M M M M M M 
E E E E E E E 
L R K L R K L 
- 3 3 3 3 3 - 3 
3 3 2 3 - - 2 3 
- 3 - 3 3 -
- 3 3 -
2 3 - 3 2 - -
2 2 2 3 3 2 3 - -
3 3 
- - - - - - - 3 3 
Ranunculus longirostris 2 3 2 - 3 - - 3 - - - -
CALLITRICHACEAE 
Call itriche ~ - - - - - 3 3 - -
HALORAGACEAE 
Myriophyllum exalbescens 2 2 2 2 - - -
HIPPURIDACEAE 
Hippuris vulgaris - - - - - - - - - 3 -
154 CRUM and BACHMANN 
Table 2 (Continued) 
LAKES AND INVESTIGATORS 
Abundant GAR CHAIN 
w B E c c u M L 
2 Common E I A 0 0 p I 0 
s G s M M p N w 
3 Scattered T T B B E N E 
0 
s 
0 I I R E R Taxon was not K 
p 
K N N w co 11 ected 
0 
I 
0 E E G A G 









I I A 
s p c p s c s p v c s p c c c 
H A R A I R H A 0 R H A R R R 
I M u M G u I M L u I M u u u 
M M M M L M M M K M M M M M M 
E E E E E E E E E 
K L L R K L R K L 
COMPOS ITAE 
Me9ladonta becki i 3 3 3 3 3 
occurred at 8 m and in Big Spirit Lake down to 5 m. A few plants were 
taken from Lake East Okoboji, but none from the Gar Lakes. Our distribu-
tional observations of C. contraria seem to agree with those of Sawyer 
(1926) in 1921, 1922, a;d 1923. C. braunii Gm. was found once in Lake 
West Okoboji near its southern end. 
Nitella flexilis (L . ) Ag. (Fig. 3). Specimens of this species were 
frequently abundant in £ig Spirit Lake at depths of 4 to 5 m, beginning 
near the outer limit of vascular hydrophytes . Chara contraria and some-
times Tolypella 9lomerata were present in the beds of~· flexilis, but 
~· flexi 1 is tended to be dominant. In Lake West Okoboji a sterile 
Nitella was scattered between Ft. Dodge and Pillsbury points, 4 m to 8 m 
deep. Sawyer (1926) did not find~· flexilis in Big Spirit Lake, but she 
found~· opaca Ag. much more abundant and widespread in Lake West Okoboji 
than the sterile Nitella that we found in 1972 . N. flexilis is 
monoecious and cannot be differentiated from~. opaca, which is dioecious 
without gametangia (Allen, 1954). Nitella was not found in the East 
Okoboji chain of lakes. 
Tolypella 9lomerata (Desv.) Leonh. (Fig. 4). This population was found 
in nearly the same habitat as Nitella. In Big Spirit Lake I· 9lomerata 
was not as widespread nor abundant as~- flexilis; but, in Lake West 
Okoboji I· 9lomerata seemed more common and widespread than Nitella. 
Sawyer (1926) found I. 9lomerata scattered in both Big Spirit Lake and 
Lake West Okoboji. 
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Vascular Aquatic Macrophytes (Flowering Plants) 
Monocotyledons 
Potamogetonaceae 
Najas flexilis (Willd.) Rostk. & Schmidt (Fig. 5). Specimens were wide-
spread and abundant from the edge of the wave zone to almost 7 m in 
Lake West Okoboji and from the edge of the wave zone to 4 min Big 
Spirit Lake. The plants grew in clumps less than 1 m tall and were 
most abundant in zones where there wasn't a dense growth of hydrophytes 
over 2 m tall. N. flexilis also was found in shallow water not over 1 
m deep along the-shores of Lake East Okoboji. ~· guadalupensis (Spreng.) 
Magnus was reported from Big Spirit Lake by Sigler (1948). The distinc-
tions between these populations are difficult to discern; ~· guadalupen-
~ may be more widespread in the Iowa Great Lakes Region than surveys 
indicate. 
Potamogeton amplifolius Tuckerm. (Fig. 6). Specimens were enco~ntered 
in one restricted area along the northeast shore of Lake West Okoboji, 
growing in water 2 m to 5 m deep. Previous records indicate its 
occurrence in Big Spirit Lake and the East Okoboji chain of lakes (Table 
2). 
Potamogeton crispus L. (Fig. 7), a native of Europe, is becoming wide-
spread in North America (Muenscher, 1944). This readily identifiable 
species was reported only from northeastern Iowa by Beal and Monson 
(1954) and seems to be a recent introduction into Lake West Okoboji. 
f. crispus usually was found scattered in shallow water less than 2 m 
deep, but was collected from Pikes Point near the northeastern corner 
of the 1 ake to depths of 5 m. 
Potamogeton diversifolius Raf. (f. dimorphus, misapplied) 
Potamogeton epihydrus Raf. 
Neither species was found in this survey, although both were re-
ported by Pammel (in Iowa State Highway Commission, 1917) from lakes 
West and East Okoboji. f . diversifolius was reported by Shimek (1915) 
from Lake West Okoboji. 
Potamogeton, Subsection Pusilli (Complex) (Fig. 8) 
Potamogeton foliosus Raf. 
Potamogeton friesii Rupr. 
Potamogeton pusillus L. (f. berchtoldii Fieber is held as a 
distinct species by some authors; f. panormitanus, mi sapplied) 
Some species of Potamogeton, subsection Pusilli, are notoriously 
difficult to identify, and the taxonomy of this narrow-leaved group is 
still unclear. Three taxa have been reported from the Iowa Great Lakes 
Region by Shimek (1915), Pammel (l!:!. Iowa State Highway Commission, 1917), 
and Sigler (1948). Fernald (1932) suggested that the confusion 
associated with identifying these pondweeds results from usin gross ap-
pearance or impressionistic methods rather than careful checking of the 
morphological characteristics. We could not identify the species of 





































































160 CRUM and BACHMANN 
narrow-leaved Potamogeton in site, nor could we take specimens from 
every transect into the laboratory for detailed study. Therefore, 
we have treated Potamogeton, subsection Pusilli as a complex. 
Narrow-leaved species of Potamogeton were widespread and abundant 
in Lake West Okoboji from the wave zone to 7 m, and in Big Spirit Lake 
from the wave zone to 4 m. They were common in the East Okoboji chain 
of lakes, except Lower Gar Lake, along the shores in shallow water not 
over 1 m deep. 
Potamogeton gramineus L. (f. heterophyllus, misapplied). Specimens 
were not found in this survey but were reported from Lakes West and 
East Okoboji by Pammel (1J2 Iowa State Highway Commission, 1917). 
Potamogeton illinoensis Morong (f. angustifolius C. & S.) (Fig. 9). 
f. illinoensis was found in Big Spirit Lake in water 1 m to4m. In 
Angler's Bay in the northeastern corner of the lake, it was prominent 
in the flora, usually with well-developed floating leaves. P. 
illinoensis was less common in Lake West Okoboji, growing in-water 1 m 
to 5 m deep. Except in sheltered areas, floating leaves were not well 
developed. 
Potamogeton natans L. (Fig. 10) was found in Lake West Okoboji, growing 
in sheltered areas near the shores at depths to 3 m. The species was not 
prominent in the flora but was conspicuous because of its floating 
leaves. 
Potamogeton nodosus Poir. (f. americanus C. & S.) (Fig. 11) was found 
in shallow water from the wave zone down to 1.5 min protected areas of 
Lake West Okoboji and Big Spirit Lake. It was not a major component 
of the total flora but was locally abundant and conspicuous because of 
its floating leaves. 
Potamogeton pectinatus L. (Fig. 12) was one of the more abundant and 
widespread vascular hydrophytes and was found in all six lakes. It 
was restricted to shallow water less than 1.5 m deep along the shores 
in the East Okoboji chain of lakes. f. pectinatus was found in nearly 
every transect from the wave zone to nearly 7 m deep in Lake West 
Okoboji and from the wave zone to 4 m deep in Big Spirit Lake. 
Potamogeton praelongus Wulfen (Fig. 13) was widespread but scattered in 
Lake West Okoboji, growing in water 1 m to 5 m deep. It was uncommon 
in Big Spirit Lake in water 1 m to 3 m deep, and may extend from the 
substrate nearly to the surface. It is one of the larger hydrophytes. 
Potamogeton richardsonii (Benn.) Rydb. (Fig. 14), much like P. 
pectinatus, was found nearly everywhere except in Lower Gar Lake. It 
grew in shallow water down to 1.5 m deep near the shores of the East 
Okoboji chain of lakes, usually in conjunction with the narrow-leaved 
Potamogeton complex and f. pectinatus. f. richardsonii was widespread 
and abundant in Lake West Okoboji from the wave zone to almost 7 m deep 
and in Big Spirit Lake from the wave zone to 4 m deep. This species, 
along with f. pectinatus, can surv·ive under a wide range of environmental 
conditions. 
Potamogeton zosteriformis Fern. (f. zosterifolius of some authors) (Fig. 
15) was widespread and abundant in Lake West Okoboji from the wave zone 
to 6 m deep. In Big Spirit Lake, however, f. zosteriformis was en-
countered only in the northeastern corner in water less than 4 m deep. 
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It did not form dense stands, but was intermingled among other attached 
hyd rophytes. 
~ maritima L. (Fig. 16) has not been reported in the literature 
for the Iowa Great Lakes Region, nor was it reported in Iowa by Beal 
and Monson (1954) . However, a few specimens collected in 1957 from 
Big Spirit Lake are in the Lakeside Laboratory Herbarium. It was wide-
spread and abundant only in Big Spirit Lake from the wave zone down to 4 
m deep. No fruiting plants were observed, but t hese should be looked 
for in the future so that this identification can be confirmed. 
Zannichell ia palustris L. (Fig. 17) was found scattered in shallow water, 
less than 0 . 5 m deep, along the shores of all lakes except Lake Minne-
washta. 
Hydrocharitaceae 
Elodea canadensis Michx. (£. iowens i s Wylie, Anacharis canadensis 
(Michx . ) Planch.) (Fig. 18) was found scattered in shallow water near 
shore in lakes East Okoboji, Upper Gar, and Minnewashta . In Lake West 
Okoboji it was more widespread and frequently was found growing prostrate 
on the bottom at 6 m. Elodea was designated the generic name, rather 
than Anacharis, on the basis of the reasoning given by Voss (1966). 
Val 1 isneria americana Michx. (y_. spiri 1 is, misapplied ) (Fig 19) was 
widespread and abundant from the wave zone down to 5 m in Lake West 
Okoboji, and from the wave zone to 3 m in Big Spirit Lake. It was 
scattered along the shores less than 1.5 m deep in the southern half of 
Lake East Okoboji and near the shores in Upper Gar Lake. 
Lemnaceae 
Lemna minor L. 
Lemna ~lea L. 
~dela polyrhiza (L.) Schleiden 
Wo 1 ff i a spp. 
The Lemnaceae are minute vascular plants found floating on the 
surface or submersed as with Lemna trisulca . They are transient popu-
lations in open water and most commonly are found in marshes and quiet 
protected water. They frequently appear, however, along the shores in 
protected areas and are sometimes seen widely scattered in open water. 
Pontederiaceae 
Heteranthera dubia (Jacq.) MacM. (Zosterella dubia (Jacq.) Small 
(Fig . 20) was widespread and abundant in Lake West Okoboji from the 
wave zone to 6 m deep, and in Big Sp i r i t Lake from the wave zone to 4 
m. Near the southern end of Lake East Okoboji it was found in water 
less than 1.5 m deep. 
Dicotyledons 
Ceratophyllaceae 
Ceratophyllum demersum L. (Fig 21). From observations l· demersum had 
no more biomass than any other macrophyte in Lake West Okoboji in 1972. 
Jones (1925 ) esti mated that the plants covered 175 . 5 hectares (434 
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168 CRUM and BACHMANN 
acres), or 11.5% of the total area of the lake, during the summers of 
1922 and 1923. The distribution seems to have remained relatively 
stable over the past 50 years. 
C. demersum is unusual, although not unique, because of its lack 
of ro-;ts. Specialized branches, 11 rhizoid-branches 11 , penetrate into 
the substrate and presumably serve as anchors (Arber 1920). 
Plants were widespread and abundant in Lake West Okoboji from the 
edge of the wave zone down to 7 m. Wylie (1912) recorded f. demersum 
nearly 10 m deep. It was usually most abundant and formed nearly pure 
stands near its outer 1 imit before ending abruptly, although clumps 
occasionally extended to more than 10 m. It was usually dominant in 
bays, although not to the exclusion of other macrophytes. 
C. demersum was scattered in Big Spirit Lake from the wave zone to 
4 m, but was not as abundant as in Lake West Okoboji except in the 
northeastern corner in Angler's Bay. Specimens were found scattered in 
the southern end of Lake East Okoboji and in Upper Gar Lake. 
Nymphaeaceae 
Nuphar advena (Ait.) Ait. f. (Nymphaea, misapplied) 
Nymphaea tuberosa Paine (Castalia of some authors). Neither population 
was found in this survey, although both were recorded by Shimek (1915) 
and Pammel (ill Iowa State Highway Commission, 1917) from the Gar 
Lakes. 
Ranunculaceae 
Ranunculus longirostris Gord. (Fig. 22). If we follow the treatment 
of Benson (1948), the specimens cited by Shimek (1915) and Pammel (l!:!. 
Iowa State Highway Commission, 1917) as~· aguatilis capillaceus 
were probably~- longirostris, found only in Lake West Okoboji where 
the plants were widespread and common from the wave zone down to 6 m. 
They flowered and set fruit in quiet shallow water, but were sterile 
and grew prostrate along the bottom in deep water. In late February, 
1973, while SCUBA diving under the ice near Ft. Dodge Point, we found 
~· longirostris covering the bottom 2 to 4 m deep. It was briqht green 
and viqorous. Sigler's (1948) collection No. 40 (l abeled R. flabellaris 
Raf.) from Big Spirit Lake was a misidentification of~:-- longirostris. 
Call itrichaceae 
Callitriche ~ L. (f. palustris L.) was not found in this survey, 
although it was previously recorded from the Gar Lakes by Shimek (1915) 
and by Pammel (l!:!. Iowa State Highway Commission, 1917). 
Haloragaceae 
Myriophyllum exalbescens Fern. (!!. spicatum of some authors) (Fig. 23) 
was widespread and abundant in Lake West Okoboji from the wave zone 
down to 6 m. It was common in Big Spirit Lake from the wave zone to 4 
m, particularly in the northeastern corner in Angler's Bay. !:1· exal-
bescens was not found in the East Okoboji chain of lakes in 1972, 
although it was reported to be abundant in the early twentieth century. 
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Hippuridaceae 
Hippuris vulqaris L. was not found in this survey . It was reported by 
Shimek (1917) from the Gar Lakes, in a supplement to his original study. 
Compositae 
Megladonta beckii (Torr.) Greene (Bidens beckii Torr.) was not found in 
this survey but specimens collected within the past 15 years have been 
deposited in the Iowa Lakeside Laboratory Herbarium. 
Several emergent plant genera deserve mention. Eleocharis, 
Phragmites, Sagittaria, Scirpus, and ~were found scattered along 
the margins of most of the lakes. Most Scirpus in Lake West Okoboji 
were found near shore in protected areas. One stand of Scirpus about 
50 m in diameter was found 50 m offshore just north of the base of 
Gull Point. 
Volker and Smith (1965) reported that Scirpus was abundant in 
Lake East Okoboji in 1961. It was scattered in the East Okoboji chain 
of lakes in 1972. 
Scirpus was scattered around Big Spirit Lake except in East Bay 
and Angler's Bay on the northeastern corner of the lake. Most of the 
southern and eastern shores of these bays were lined with Scirpus, 
together with some~ and Phragmites from the shore line out to 
about 90 m from shore. 
DISCUSSION 
Three conclusions can be drawn from this study. 1) Differences in 
the depths colonized by the aquatic macrophytes in the respective lakes 
are closely related to differences in light transparency. 2) The dis-
tribution and abundance of macrophytes in Lake West Okoboji and Big 
Spirit Lake have remained relatively stable during the past half 
century. 3) There have been major changes in the distribution and 
abundance of plant species in the East Okoboji chain of lakes. 
While many factors contribute to determining the distribution 
and abundance of aquatic macrophytes (Ruttner, 1963; Sculthorpe, 1967), 
light penetration can be identified as a major factor in these lakes. 
In Table 1 the average Secchi disc transparencies for Lake West 
Okoboji, Big Spirit Lake,and East Okoboji Lake are listed as 4.2 m, 2.8 
m, and l.O m respectively. The maximum depths colonized by vascular 
macrophytes are 6.5 m, 4.0 m, and 1.5 m and for non-vascular macrophytes 
8 . 0 m, 5.0 m,and 1.5 m respectively . Also for each species occurring 
in both West Okoboji and Big Spirit lakes, the maximum depth of 
occurrence was greater in Lake West Okoboji where the transparency was 
9reater. It is also noted that relatively few species were found in the 
Gar lakes where the Secchi disc depths were the lowest . 
The species diversity and abundance in Lake West Okoboji and Big 
Spirit Lake have not changed drastically since early in this century. 
In Lake West Okoboji (Table 2) only Potamogeton diversifolius, f. 
epihydrus, f. gramineus, Lemna trisulca,and Megladonta beckii were not 
found in 1972 and these instances are local and trivial changes. Shimek 
(1915) and Pammel (in Iowa State Highway Commission, 1917) indicated 
that the three species of Potamogeton were collected near the juncture 
of lakes West and East Okoboji. This shallow area has since been exten-
sively modified by dredging and filling for a roadway . All three 
species are shallow water forms and would suffer from elimination of 
habitat ; possibly they never did extend very far into Lake West Okoboji. 
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Additiona l ly, the linkage between lakes West and East Okoboji is subject 
to heavy boat traffic. Lemna trisulca is a very small plant of shallow 
water, not usually associated with open water, and could easily be over-
looked. Previous records may have been of plants washed in from adjacent 
sloughs where this species is very abundant. Megladonta beckii has been 
found only in Little Miller's Bay of Lake West Okoboji and flowers only 
sporadically; thus, vegetative plants may have been missed in this study. 
In Big Spirit Lake we did not find f. amplifolius and f. natans, 
which were reported by Pammel (Iowa State Highway Commiss ion, 1917) 
and Sigler (1948), as well as Elodea canadensis found by Pammel and 
Ranunculus longirostris reported by Sigler. These had been listed as 
minor components of the flora and could have been overlooked in 1972. 
~ maritima and Heteranthera dubia were abundant in 1972, but have 
not been reported in previous publications, although specimens were 
present in the Iowa Lakeside Laboratory Herbarium . 
Potamoqeton crispus and f. illinoensis have not been reported from 
Lake West Okoboji in previous publications. f. crispus is a species 
introduced from Europe, slowly spreading westward from eastern America. 
f. illinoensis was scattered in 1972, and probably has been overlooked 
in previous investigations; several specimens have been deposited in 
the Iowa Lakeside Laboratory Herbarium. These were collected by Robert 
Thomas off the sandspit in Little Miller's Bay in the 1950's. 
The composition and distribution of the submersed flora of the 
East Okoboji chain of lakes have changed greatly since earlier in this 
century; seventeen species previously reported were not found in 1972, 
a drastic reduction. 
Potamogeton amplifolius, f. diversifolius, f. epihydrus, f. 
gramineus, f . natans, f. zosteriformis, Lemna trisulca, Spirodela 
polyrhiza, Wolffia spp., Ranunculus longirostris, Myriophyllum 
exalbescens and Megladonta beckii were recorded by Shimek (1915) and 
Pammel (.l.!l Iowa State Highway Commission, 1917) but not in 1972 . In 
addition, Nuphar advena, Nymphaea tuberosa, Callitriche verna, and 
Hippuris vulgaris, formerly collected in the Gar Lakes, have evidently 
disappeared . 
No new taxa were found in the East Okoboji chain of lakes in 1972. 
According to Shimek and Pammel, the emergent and submersed vege-
tation were so abundant in the East Okoboji chain of lakes that getting 
a boat through it became very difficult. The Gar Lakes flora was 
compared with the r ich flora of Little Miller's Bay. In the period 
since Volker and Smith's (1965) survey in 1961 emergent vegetation 
including Scirpus and~ has almost disappeared. Submersed plants 
are now restricted to shallow water along the shores. Abundance and 
distribution of those remaining have also been drastically reduced. 
Detailed l imnological studies on the East Okoboji chain of lakes 
during the period when changes in the plant distributions took place 
are Jacking, and i t is impossible to assign a definite cause to those 
changes. Volker and Smith (1965) suggested that pollution from human 
and agricultura l sources may have been the causative factor. Before 
1936 the effluent f rom the sewage treatment plant serving the town of 
Spirit Lake flowed into the upper portion of Lake East Okoboji and may 
have influenced the distribution and abundance of the aquat ic macrophytes 
in the whole cha in of lakes. For the past 36 years, however, that ef-
fluent has been d i verted to the sewage treatment plant at the outlet 
of Lower Gar Lake and could no longer influence the water quality in 
East Okoboji. 
Another possible cause of this decline might be the stabilization 
of water levels by the installation of water-control structures at the 
172 CRUM and BACHMANN 
outlet of Lower Gar Lake. Several temporary structures were erected 
in the early 1900's. The records are poor, but it seems that a per-
manent structure was installed about 1920. The purpose of these struc-
tures was to prevent the water levels in the lakes from dropping in the 
summer months. Although the ungated spillway maintains the water levels 
in both Lake West Okoboji and the East Okoboji chain of lakes, its im-
pact on aquatic vegetation would be greatest in the relatively shallow 
lakes of the Lake East Okoboji system. Both the scientific studies 
cited previously and the recollections of some of the older residents 
of the area indicated that the East Okoboji chain of lakes was nearing 
the marsh stage of succession at the beginning of this century. 
Probably the artificial stabilization of higher water levels in the 
summer months reversed the successional process back toward more 
lacustrine conditions. 
The greater and more constant depth of water may have been less 
favorable for the growth of emersed and submersed macrophytes so that 
nutrients formerly used by macrophytes were available to phytoplankton 
presently found in massive blooms. This type of inverse relationship 
has been noted in other waters (Boyd, 1971). Regardless of the initial 
cause of this shift, blooms of planktonic algae reduce the water 
transparency and restrict the growth of the macrophytes. 
ACKNOWLEDGMENTS 
We wish to thank the Director of the Iowa Lakeside Laboratory, Dr. 
Richard Bovbjerg, for providing facilities and equ ipment necessary for 
this project. He and Dr. John Dodd aided with suggestions and reviewed 
the manuscript. Mr. Patrick Downey assisted during the field survey. 
LITERATURE CITED 
Allen, G. 0. 1954. An annotated key to the Nitelleae of North America. 
Bulletin of the Torrey Botanical Club 81: 35-60. 
Arber, A. 1920. Water plants: a study of aquatic angiosperms. 
Cambridge University Press, London. 436 p. 
Bachmann, R. W. , R. V. Bovbjerg, and J. D. Hall. 1966. The morpho-
metry of Lake West Okoboji. Proceedings of the Iowa Academy of 
Science 73: 165-168. 
Beal, E. 0., and P. H. Monson. 1954. Marsh and aquatic angiosperms 
of Iowa. State University of Iowa Studies in Natural History 
19: 1-95. 
Benson, L. 1948. A treatise on the North American Ranunculi. American 
Midland Naturalist 40: 1-261. 
Boyd, C. E. 1971 . The limnological role of aquatic macrophytes and 
their relationship to reservoir management . Pages 153-166 .l!l 
G. E. Hall {ed.), Reservoir Fisheries and Limnology. American 
Fisheries Society, Washington, D.C. 
Cratty, R. I. 1896. Notes on the aquatic phenogams of Iowa. Bulletins 
from the Laboratories of Natural History of the State University 
of Iowa 3: 136-152. 
Fassett, N. C. 1957. A manual of aquatic plants. 2 ed. {with 
revision appendix by E. C. Ogden), University of Wisconsin Press, 
Madison, Wisconsin. 405 p. 
Fernald, M. L. 1932. The linear-leaved North American species of 
Potamogeton, section Axillares. Memoirs of the American Academy 
of Arts and Sciences 17: 1-183. 
SUBMERSED AQUATIC MACROPHYT ES 
Gleason, H. A., and A. Cronquist. 1963. Manual of vascular plants 
of northeastern United States and adjacent Canada. D. Van 
Nostrand Company, Inc., Princeton, New Jersey . 810 p. 
Iowa State Highway Commission. 1917. Iowa lakes and lake beds. 
State of Iowa, Des Moines, Iowa. 250 p. 
Jones, E. N. 1925 (1927). Ceratophyllum demersum in West Okoboji 
Lake. Proceedings of the Iowa Academy of Science 32: 181-188. 
Miller, G. A. 1971. A geomorphic, hydrologic, and pedologic study 
of the Iowa Great Lakes Area. M.S. Thesis . Iowa State Uni-
versity, Ames, Iowa. 333 p. 
173 
Muenscher, W. C. 1944. Aquatic plants of the United States. Comstock 
Publishing Company, Inc., Ithaca, New York. 374 p. 
Ruttner, F. 1963 . Fundamentals of limnology. 3 ed. (Translated 
from German by D. G. Frey and F. E. J. Fry). Univers i ty of 
Toronto Press, Toronto, Ontario, Canada. 295 p. 
Sawyer, L. 1926. The Charophyta of the Lake Okoboji Reg.ion. 
M.S. Thesis. University of Iowa, Iowa City, Iowa. 74 p. 
Sculthorpe, C. D. 1967. The biology of aquatic vascular plants. 
St. Martin's Press, New York, New York. 609 p. 
Shimek, B. 1896 ( 1897). Notes on aquatic plants from northern 
Iowa. Proceedings of the Iowa Academy of Science 4: 77-81. 
1915. The plant geography of the Lake Okoboji Region. 
~-Bulletins from the Laboratories of Natural History of the 
State University of Iowa 7: 3-90. 
~- 1917. The plant geography of the Lake Okoboji Region: add i -
tional notes. Ibid. 7 : 3-5. 
Sigler, W. F. 1948.----p:quatic and shore vegetation of Spirit Lake, 
Dickinson County, Iowa. Iowa State College Journal of 
Science 23: 103-124. 
Volker, R., and S. G. Smith. 1965. Changes in the aquatic vascular 
flora of Lake East Okoboji in historic times. Proceedings of 
the Iowa Academy of Science 72: 65-72. 
Voss, E. G. 1966. Nomenclatural notes on monocots. Rhodora 68 : 
435-463. 
Wylie, R. B. 1911. The aquatic gardens of Lake Okoboji. Okoboji 
Protective Association Bulletin 7: 10-20. 
1912. A long-stalked Elodea flower. Bulletins from the 
--Laboratories of Natural History of the State University of 
Iowa 6: 43-52. 
__ 1920. The major vegetation of Lake Okoboji. Proceedings 
of the Iowa Academy of Science 27: 91-97. 

Vo 1 . 48 , No . 2 
IOWA STATE JOURNAL OF RESEARCH 
November 1973 pp. 175-191 
SYR I NGEAL HISTOLOGY. I I . MEADOWLARK (Stu rne 11 a maqna, ~· neg l ecta) 
Charles J. Ellis 1 
ABSTRACT. Histology of the meadowlark (Sturnella sp.) syrinx is 
described in three regions: antepessular, pessular, and postpessular. 
Comparative syringeal anatomy and terminology of meadowlark are d is-
cussed relative to specific structures of several other passerine 
birds as well as chicken and Japanese quail. 
INTRODUCTION 
During the preparation of the first paper of this series (Ell is, 
1973) concerning Japanese quail, some sections of meadowlark 
(Sturnella sp.) syringes became available and were examined cursorily. 
Later, these and other sections were studied in detai l . The results 
of these studies are presented in this paper. 
MATERIALS AND METHODS 
All specimens, including representatives of Sturnella magna 
(Linnaeus) (eastern meadowlark) and Sturnella neglecta Audubon 
(western meadowlark), were taken in Iowa. No attempt was made to 
separate species. The syringes were fixed in either Bouin's fixative, 
AFA, or 10% buffered paraformaldehyde. Sex of only a few specimens 
was determined, but all birds were mature. Sections were cut at 
about 7 microns and stained with hematoxylin and eosin. 
RESULTS 
The syrinx will be described in three regions--antepessular, 
pessular, and postpessular (Ellis, 1973). 
Antepessular Region 
The border between this region and the one next posterior is dif-
ficult to determine grossly because of the overlap of large syringeal 
muscles (Figs. I, 3) and the complexity of syringeal supporting rings 
(Fig. 2). Arbitrarily, therefore, this region is bounded approxi-
mately by the ends of the syringeal intrinsic muscles (Fig. 4). 
1Associate Professor, The Howard K. LaFlamme Memorial Research 
Laboratory, Department of Zoology and Entomology, Iowa State Uni-
versity, Ames, Iowa 50010. 
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Epithelium 
The epithelium, supported by a basement membrane, has two 
characteristics : (1) stratified squamous and cuboidal cells--the 
latter predominating, and (2) few goblet cells or multicellular 
glands. 
Cilia occur between the first syringeal ring and the trachea 
(Figs. 4, 5). Their distribution is disrupted by multicellular, 
nonciliated glands. 
Lamina propria 
This layer is composed of loose tissue. It is thin, well 
vascularized, and lies superficial to the syringeal tube. 
Syrinqeal tube 
This tube (Ellis, 1973) courses anteriad to the trachea as a 
bony extension of the first syringeal ring (Figs. 4, 5, 7). Its 
walls average about 100 microns thick. Intrinsic muscles insert 
along its entire length; in fact, its length is defined arbitrarily 
as lying wholly within intrinsic musculature. 
Syringeal rings 
The first three syringeal rings (Figs. 4, 5) are classified 
within this (antepessular) region. All are bony and their sectional 
configurations are nonsymmetrical (Figs. 4, 5, 7). Each ring (in 
cross-sectional view) has a distinct shape, depending upon the 
vertical level of the cut. The osseous tissue in each is laminar 
and lacks osteones. Skeletal muscle originates on the osseous tissue 
and inserts on the syringeal tube. 
Pessular Region 
This region extends between the antepessular region and the 
posterior ends of the medial tympanic membranes. 
Epithelium 
Because the pessular region is divided into two lateral halves 
by the pessulus, the epithelium of this region must be described in 
two sections: lateral and medial. 
Lateral epithelium 
This epithelium is stratified cuboidal (two or three layers) 
and ciliated at the anterior end of the pessular region. It is 
nonciliated and slightly thinner posterior to the anterior edge of 
the pessulus. 
At the level of the base of the pessulus this epithelium be-
comes overlain with a simple layer of desquamating cells, particularly 
near the dorsal aspects of the crura, and consists of three layers: 
(1) desquamating cells (adluminal), (2) squamous cells, and (3) 
cuboidal cells (abluminal). This stratification is limited to the 
syringeal valve. Posterior to this valve the epithelium becomes 
cuboidal to low columnar, and eventually is ciliated. 
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Medial ep i thelium 
The epithelium of the epipessular tunic (Fig. 6; Ellis, 1973) 
is stratified cuboidal. Multicellular glands exist in this epi-
thelium, which is ciliated along its most anterior port ion. At 
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the base of the pessulus, and as the epithelium spreads out over the 
medial syringeal valve (Fig. 4; Ell is, 1973), this epithelium becomes 
stratified squamous and covered with desquamating cells (Fig. 5) . 
It covers the pessular base and the anterior end of t he thin, medial 
tympanic membranes. 
Epithelium, intercrural space, intercrural diverticulum 
This space is lined, at least on its anterior aspects, with 
simple to stratified squamous epithelium. Posterior l y, some cilia 
occur; anteriorly, this space is closed ventrally and is known as 
the intercrural diverticulum (Ellis, 1973). 
Lamina propria, lateral walls 
This t i ssue is very thin between the epithelium and the bony 
rings except at the location of the lateral syringeal valve. In 
the interannular spaces, this lamina propria is nearly as thick 
as the cross-sect ional d i ameter of the bony rings. 
Between the fourth ring (juxtaposed to the lateral syringeal 
valve) and the next anterior ring, the interannular tissue is at its 
widest (Figs. 4, 5, 7). This tissue does not resemble a vibratory 
membrane such as is found in quail or chicken except in small areas 
mentioned above and shown in Figures 2 and 8 . It consists of two 
stratified, cubo i dal-to-squamous epithelia with loose connective 
tissue between. 
Lamina propria, medial walls 
This tissue layer includes the same components from the epi-
pessular tunic to the anterior end of the tympanic membranes. 
The lam ina propria at the base of the pessulus is the same as 
that along either of its sides except that the cells and fibers at 
the base all course transversely. 
Pessulus 
The cross-sectional configuration of the bony pessulus varies 
with the vertical level of the cut, being mainly an elongated isosceles 
triangle (Figs. 5, 7). No pedestal is present at the base of the 
pessu l us ( Ellis, 1973). 
Syringeal ring 
Arbitrarily, only the posteriormost of the four sy r ingeal rings 
is located within the pessular region. It is identical, histological-
ly, with the other three rings. 
Syringeal valves, lateral and medial 
These valves (Figs. 4, 5, 7, 9) are composed of loose con-
nective tissue, but their exact composition was not determined. 
They are quite obvious in the sections studied, the lateral ones 
apposing the third and fourth syringeal rings (Figs. 4, 5, 7), the 
medial ones coursing between the pessulus and the medial tympanic 
membranes. 
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Medial tympanic membranes 
These membranes lie wholly within the pessular region, their 
posterior ends marking the border between this region and the post-
pessular area. They stretch posteriad from the medial syringeal 
valves to their connection with the bronchidesmus. 
The abcrural side of each medial tympanic membrane is covered 
with a simple squamous epithelium, which lines the intercrural space 
as mentioned previously. Each tympanic membrane i s covered adcrurally 
with a simple, nondesquamating, squamous epithelium. 
These structures are extremely thin, although their thickness 
varies with the level of the cut in frontal section. Essentially, 
they are sandwiches of simple squamous epithelia with a minute amount 
of connective tissue between. Posteriorly, these membranes thicken. 
Abcrurally, their posterior extensions are part iall y ciliated, with the 
cilia occurring in the " outer layer. 11 
Lateral tympanic membranes 
Grossly, no membranes comparable to the lateral tympanic mem-
branes of chicken or Japanese quail are visible. However, one carti-
laginous ring curves in such a way as to form a circle wholly within 
each lateral wall of the syringeal crura (Fig. 2). This area is 
detectable histologically as well (Fig. 8). Whether or not these 
regions of connective tissue are vibratory is not known, but they 
are referred to as latera l tympanic membranes. 
Although these membranes occupy little space (Fig. 2), they 
appear histologically similar to the medial tympanic membranes 
(Figs. 5, 8, 9). However, the latter are thinner (Fig. 9). Dif-
ferentiation into various fiber types was not possible but these 
membranes consist primarily of two layers of epithelia with few 
fibers between. Because of the condition of the material available 
for study, or possibly because of the intrinsic nature of the mem-
branes, no tympanoid pads (Ellis, 1973) comparable to those found 
in Japanese quail were observed within the lateral tympanic 
membranes. 
Outer layer 
The outer layer of the pessular region is a delicate, simple 
layer of squamous cells. No evidence of ciliation was noted, al-
though this layer was incomplete in most slides examined. Tpe de-
tails of this layer could not be compared to those of the same layer 
in Japanese quail (Ellis, 1973) . 
Postpessular Region 
This region, distinguished by the presence of two syringeal 
crura and their demirings, courses posteriad to the pulmonosyringeal 
junction. 
Epithelium 
Because the epithelia of the lateral and medial walls so closely 
resemble those already described in Japanese quail, at least under 
the conditions of this study, they will not be described f:urther. 
Lamina propr i a 
These tissues in both lateral and medial walls are identical. 
Because they resemble closely those in the same area in Japanese 
quail, further details will not be presented. 
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lntercrural diverticulum 
The location of this structure is similar to that found in 
Japanese quail (Ellis, 1973). Details of its histology and the 
extent of its ramifications are not available. 
Outer layer 
The histology of this layer can not be described, as most of 
it was removed in dissecting the syrinx and trachea. 
Bronchidesmus 
This structure lies dorsally to the syringeal muscles (Figs. 
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3, 9). It is composed mainly of collagenous fibers. Identification 
of other fiber types was impossible with the slides available. The 
bronchidesmus averages about 100 microns thick and is loosely con-
nected to the dorsally located esophagus (Fig. 9). It is juxtaposed 
to loose connective tissue, which is well vascularized. The border 
between the two is obvious. Both the col l·agenous and the 1 oose con-
nective tissues disappear posteriorly. The posterior end of this 
structure terminates on the medial aspects of the crural demirings; 
the anterior one ends on the trachea or the antepessular region of 
the syrinx (Fig. 3). 
Crural demirings 
These crural rings and those in the posterior part of the 
pessular region can not be differentiated except that possibly the 
former are smaller. 
DISCUSSION 
This study is based upon a redefinition of the avian syrinx as 
presented by El lis (1973). Striking histological characteristics of 
the meadowlark syrinx are the presence of stratified cuboidal epi-
thelium and the underlying tuboid bony tissue in the antepessular 
region (Fig. 4). The anterior end of this bony structure marks the 
histological boundary between the trachea and the syrinx. This 
boundary lies under the insertions of some intrinsic muscles. 
This syringeal tube may be a histological section of the 
so-called 11drum 11 (Ames, 1971). Furthermore, this structure may be 
formed by fusion of immature antepessular rings and, possibly, 
tracheal rings. This possibility is somewhat substantiated by the 
presence within the syringeal tube of various ossification centers, 
seemingly located equidistant from each other. 
The term 11 drum 11 as used by Ames (1971) and others seems in-
appropriate. It may imply a cylinder with a vibratory membrane, 
at least across one end, but such is not true in all birds. The 
structure referred to is a cylinder, but no end is closed with a mem-
brane; thus the drum would have to resemble a hollow log, again 
an unacceptable concept. It implies vibratory energy being supplied 
from without, while in the bird the energy is supplied from within. 
For these reasons, the term 11 syringeal tube 11 is preferred. 
The syringeal valves may be the structures designated ••external 
labium•• and 11 internal labium11 by Greenewalt (1968, 1969) and others . 
However, earlier (Ellis, 1973) this terminology was rejected in favor 
of lateral and medial syringeal valve, respectively. 
Warner (l972b) relegated the so-called external labium to the 
thickening of the syringeal wall. In so doing, he did not indicate 
whether this 11 thickening 11 was present at all crural heights. 
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However, in meadowlark and Japanese quail the lateral syringeal valve 
as well as the medial one can be detected only at certain levels. 
At others they mesh with the s yringeal wall. 
The subpessular air space of certain authors, including Warner 
(1972a, b), may be the structure previously referred to as 11 inter-
crural space11 or 11 intercrural diverticulum11 (Ellis, 1973). In 
Japanese quail the intercrural diverticulum is a small portion of 
the intercrural space and is situated more or less dorsally. How-
ever, neither the subpessular space nor the intercrural diverticulum 
is 11 below 1 the pessulus as 11 subpessular11 denotes. Furthermore, the 
use of the term 11 subpessular 11 in association with any bird which 
lacks a pessulus seems improper. However, most birds have two crura 
and, hence, an intercrural space. 11 lntercrural diverticulum11 and 
11 intercrural space 11 avoid these semantic problems. 
The presence within Sturnella sp. of a pessulus helps confirm 
Warner's (1972a) statement that a 11pessular rod 11 is never absent in 
passerines. However, Miskimen (1963) reported that such a structure 
was absent in two genera of passerines, namely, the flycatcher 
genera Tyrannus and Muscivora. Warner also said that a pessular 
rod was lacking in Columba spp., yet in his paper on the Columbidae 
(Warner, 1972b) he figured a pessulus, albeit connective tissue, 
in this genus. 
Although sound may be modulated by various methods as postu-
lated in detail by Greenewalt (1968, 1969) and Stein (1968), the sound 
must be produced by a vibratory structure or structures. Four pos-
sible structures exist in chicken and Japanese quail, but only two 
apparently functional ones occur in meadowlark. Those that seem 
to be functionally absent are the lateral tympanics. 
The question of vibratory qualities of the epipessular tunic 
(semilunar membrane, Ellis, 1973) arises with each bird studied. 
This tunic does not seem capable of vibrating fast enough in meadow-
lark to produce high-frequency sound. It is more of a flap than a 
membrane. Setterwall (1901) bel ieved that this tissue was too thick 
to vibrate. 
In reports on the syrinx of certain birds, Stein (1968) and 
Setterwall (1901) referred to the lateral tympanic membrane (ex-
ternal tympaniform membrane, Ell is, 1973) and described it as being 
covered with syringeal intrinsic musculature. In addition they 
showed this membrane to be as thick as the lateral wall of the 
syringeal crus . The two demirings forming anterior and posterior 
edges of the membrane are close together. All in all, because the 
structure and position of this so-called lateral tympanic membrane 
indicate that it is nonvibratory, the term tympanic should not be 
associated with it. Furthermore, because this part of the syrinx is 
not unusual in appearance, it should not be given a special name. 
Deletion of the term lateral tympanic membrane or its equivalent 
is advocated for any structure found in the lateral wall of the syrinx 
and located between the second and third (or third and fourth, de-
pending upon the author and the bird) syringeal rings of birds such 
as Agelaius phoeniceus (figured by Stein, 1968) and Sylvia curruca 
(figured by Setterwall, 1901) . This term should be reserved for 
structures similarly located in birds such as Japanese quail (Ellis, 
1973), Pyrrhula vulgaris (figured by Setterwall, 1901), and chicken 
(Myers, 1917), with their thinner, more tympanoid lateral walls. 
A lateral tympanic membrane in a bird that has a medial tympanic 
membrane is seemingly not an anatomical necessity. In certain birds 
the medial tympanic membranes alone seem to produce sound (Miskimen, 
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1951). Nevertheless, some authors (above) label a short, thick 
portion of the lateral syringeal wall as the lateral tympanic mem-
brane, despite the fact that it is tightly apposed to musculature. 
Such labelling seems unrealistic as well as unnecessary. 
Chamberlain , Gross, Cornwell, and Mosby (1968) felt that if a 
lateral tympanic membrane in Corvus brachyrhynchos is lengthened by 
rotation of the syringeal ring supporting its posterior edge, and 
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if, simultaneously, air is forced through the appropriate syringeal 
crus past it, this membrane will vibrate. Vibration is established, 
they hypothecated, by the Bernouilli effect of air rushing anteriad. 
However, their theory seems based in part, at least, upon the existence 
of an 11 auxi I iary membra11e 11 as wel I as a portion of the lateral 
syringeal wall tapable of vibration. Existence of these structures 
in other crows of the same genus (Corvus frugilegus and C. corone) 
was later denied by Warner (1972b). 
A luminal structure was noted in six cross sections through the 
posterior region of the syrinx and only on one side in this study 
(Fig. 9, arrow). Its epithelium was simple, or, at most, bilayered 
squamous. Despite the investigation of many sections on either side 
of these six sections, no connection could be detected between this 
luminal structure and any other. However, the sections examined were 
thick, and until such time as this structure can be better under-
stood, it remains anomalous. 
It would seem usual to include within this paper some comment 
pertaining to the methods of sound production within the meadow-
l ark1 s syrinx. However, such would be conjecture only, as no physio-
logical studies were performed. In addition Greenewalt (1968, 1969), 
by use of sophisticated equipment, compiled a thorough case for sound 
production based on acoustical physics. He concluded that his evi-
dence was 11 circumstantial 11 but, even so, it reduces hypotheses to a 
minimum. 
Hypotheses of avian sound production, formulated over the years 
upon incomplete evidence, are of doubtful worth. Theories of mem-
brane vibration that rely upon evidence offered by a section of tissue 
or by passing air through explanted syringes may be confusing. A 
better method to determine the functions of syringeal structures is 
l!! vivo experimentation. To say this is one thing; to do it is 
another. Because of the high frequencies involved, however generated, 
stop-action photography or physiography of equally high frequency 
is required. This photography would demand light of such intensity 
that it would produce an enormous amount of heat, enough to cause 
instant specimen incineration. Nonetheless, with equipment now avail-
able, perhaps the mechanisms of avian sound production will be deter-
mined soon and to the satisfaction of all. 
Differentiating the syringes of the western and eastern meadow-
larks was not possible. However, such a study might offer explana-
tions for the d i fferences in the sounds produced by these two species. 
On the other hand, it might be worthless as the frequencies involved 
in these sounds and the modulation thereof may be generated by 




I am indebted to my colleague, Dr. Robert E. Haupt, for his 
contribution of Figures 1, 2, and 3. 
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NUTRITIONAL STATUS OF ADOLESCENT PRIMIGRAVIDAE: l 
Dietary Characteristics During Pregnancy and Postpartum 
Pilar A. Garcia
2
, Wilma D. Brewer3 , and Carol W. Merritt
4 
ABSTRACT. Twelve younger (15.0 to 16.9 years) and 26 older (17.0 to 
19.9 years) med{cally indigent primigravidae had similar mean in-
takes of food energy and 10 nutrients. More than half the diets 
supplied less than two-thirds of the Recommended Dietary Allowances 
(RDA) for calcium, iron, and vitamin A value. Over 80% of the 
pregnant girls in each age group had satisfactory dietary intakes 
of protein, ascorbic acid, thiamin, riboflavin, and niacin. Rou-
tinely prescribed vitamin and mineral supplements increased the in-
takes of several nutrients by the girls who took them regularly. 
Caloric restriction imposed to control weight gain during pregnancy 
significantly reduced mean dietary intakes of the essential nutrients. 
When intakes at postpartum were compared with values during pregnancy, 
eight younger mothers showed a significant decline in food energy, 
protein, calcium, iron, riboflavin, and ascorbic acid. For 13 
older mothers, postpartum intakes of food energy and several nutrients 
decreased, but not significantly. Younger mothers consumed break-
fast and snacks with significantly lower food energy at postpartum 
than during pregnancy whereas caloric contributions of lunch and 
supper showed little change. The food energy distribution among 
meals and snacks during pregnancy and at postpartum did not change 
significantly for older mothers. Dietary patterns at postpartum 
resembled those of 16 nonpregnant high school girls. 
1Journal Paper No. J-7679 of the Iowa Agriculture and Hqme Economics 
Experiment Station, Ames, Iowa 50010. Project No. 1560. The 
project was supported in part by funds from the Maternal and Child 
Health Division, Iowa State Department of Health. Some data were 
taken from the M.S. thesis of Carol W. Merritt. 
2Associate Professor, Department of Food and Nutrition, Iowa State 
University, Ames, Iowa. 
3Professor and Head, Department of Food and Nutrition, Iowa State 
University, Ames, Iowa. 
4
Present address : 7405 Hickory Hil 1 Lane S.E., Huntsville, Alabama 
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INTRODUCTION 
Pregnancy during adolescence increases the vulnerability of the 
individual towards nutritional deprivation. Nutrient needs are at 
their peak during adolescence and pregnancy, and many girls may be 
unprepared to meet the combined demands for nutrients. Diets of 
adolescent girls tend to be low in certain essential nutrients and 
reflect questionable eating habits (Morgan, 1959). Emotional prob-
lems that frequently accompany adolescence may reduce the utilization 
of nutrients (Stearns, 1958). In the lower social classes (based on 
husbands 1 occupations), pregnancy often is associated with suboptimal 
intakes of nutrients (Murphy and Wertz, 1954; Thomson, 1958). We 
undertook a study to explore some dietary and biochemical charac-
teristics of adolescent girls during their first pregnancy (primi-
gravidae) and to identify nutritional problems that may exist among 
pregnant adolescents from disadvantaged families. Girls who become 
pregnant before the age of 17 years are considered high biological 
and psychological risks (National Research Council, 1970). This 
report presents the dietary characteristics of adolescents during 
pregnancy and at postpartum, and for nonpregnant adolescents. 
SUBJECTS AND METHODS 
The group studied consisted of 38 medically indigent pregnant 
adolescents who attended the prenatal clinic and received obstetrical 
care at Broadlawns Polk County Hospital, Des Moines, Iowa, between 
September, 1966 and October, 1967. Criteria for selecting subjects 
were: (a) ages between 15 and 19 years, (b) first pregnancy, and 
(c) willingness to cooperate in the study. At the time of recruit-
ment only a small number of pregnant girls below 15 years old 
registered for medical care at this clinic. 
Sixteen nonpregnant high school girls between 15 and 19 years 
old served as the reference, or nonpregnant group. When observed in 
fall, 1966, these girls were enrolled at the Des Moines Technical 
High School. Subjects were recruited with the assistance of the 
biology teacher, and 14 of the 16 girls were drawn from his class. 
Twelve of these girls were between 14.9 and 15.9 years old. Physical 
examinations were given to these subjects, and all were considered 
healthy. According to an arbitrary classification of the fathers' 
occupations based on an occupational rating scale by Warner, Meeker, 
and Eells (1960, pp. 140-141), all but one girl (no information) 
came from families of low occupational status. 
Table 1 shows the distribution of all subjects by age, marital 
status, and ethnic background. The pregnant girls were classified 
into two age groups: 15.0 to 16.9 years and 17.0 to 19.9 .years. Age 
group classification was based on age at conception, estimated from 
the date of delivery and approximate length of gestation given in 
the medical records. Ages ranged from 15 .3 to 19. 1 years with a mean 
age of 17.4 years. Of the 38 pregnant adolescents observed, 20 were 
married and 18 were single. Eleven single girls were white, and 
seven were black. Only one of the married girls and all but one of 
the single pregnant subjects were 1 iving with their parents at the 
time of the study. The school attendance of the pregnant subjects 
ranged from 9 to 12 years. The reference group of 16 nonpregnant 
girls had a mean age of 15.9 years, with ages ranging from 14.9 to 
17.9 years. 
Table l. Distribution of subjects by age group, marital status, and ethnic qroup. 
Number of subjects 
Primiqravidaea Referenceb 
Age groupsc Number Marital status Ethnic group Number Ethnic group 
by b?f Married Single White Blackd b?f t 
year su 1ects su 1ec s 
15.0-16.9 12 4 
Mean age 16. 1 yr 
Range 15.3-16.9 yr 
17.0-19.9 26 16 
Mean age 18. 1 yr 
Range 17. 0- 19. 1 yr 
Total 38 20 
Mean age 17.4 yr 
















White B 1 ack 
9 5 
10 6 
aGirl s who attended the prenatal clinic and received obstetrical care at Broad lawns Polk County 
Hospital, Des Moines, Iowa, between September, 1966, and October, 1967. 
bHigh school students at the Des Moines Technical High School who were single and not pregnant. 
cAge group clas s ification was based on age of primigravida at conception estimated from information 
on data of de l ivery and approximate length of gestation given in the clinic records . 
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Ten of the 38 primigravidae sought clinic care for the first 
time in the first trimester of pregnancy, 24 in the second trimester, 
and four in the third trimester. The prenatal medical records 
described 25 of these subjects as 11well-developed, well-nourished 11 
and two subjects as 11 slightly obese;•• no general comments were given 
for the other 11 subjects. The mean age at menarche was 12.0 years 
for the 15.0to 16.9 age group ; 12.3 years for the 17.0 to 19.9 age 
group. For the 16 nonpregnant reference girls, the mean age at 
menarche was 12.3 years. 
The only dietary instructions for the pregnant subjects were 
given by the public health nurses during home visits. When caloric 
restrictions were prescribed by the physician, however, subjects 
were referred to the hospital dietitian for counseling. Limiting 
gain in body weight during pregnancy was stressed during the clinic 
visits. 
Thirty-five pregnant girls kept food intake records for 5 days 
excluding Sunday, and three pregnant girls gave 24-hour food recalls. 
Each of the 35 subjects received both oral and written instructions 
on keeping records of food intake. Food models, dishes, and glasses 
were used to help estimate serving sizes. The 5-day dietary records 
were taken during the second trimester of pregnancy for six subjects 
and in the third trimester for 29 girls. The three food-intake re-
calls were obtained in the third trimester. Five-day dietary records 
were obtained from the nonpregnant group. Twenty-one of the 38 
primigravidae provided another set of 5-day dietary records at 
approximately 6 weeks after delivery (postpartum ) . The nutritive 
value of the diets was estimated according to the 11 Nutritive Value 
of Foods 11 (U.S. Department of Agriculture, 1964). 
RESULTS 
Diets During Pregnancy 
Estimated mean intakes of food energy, protein, fat, carbohydrate, 
calcium, iron, vitamin A, ascorbic acid, thiamin, riboflavin, and 
preformed niacin for the 38 pregnant adolescents are given by two 
age groups in Table 2. Nutrient intakes have been compared with the 
1968 Recommended Dietary Allowances (RDA) (National Research Council, 
1968), with two-thirds of the allowances arbitrarily taken as mini-
mal amounts for adequacy. Intakes of food energy were not compared 
with the RDA because no detailed information on the energy require-
ments of the pregnant girls was obtained. The 15.0to 16.9 and 17.0 to 
19.9 age groups had similar intakes of food energy and nutrients 
(Student t-test, Snedecor, 1967) . The seemingly higher mean in-
takes of food energy and some of the nutrients for the younger group 
resulted from an unusually high mean-food energy intake (4,223 kcal) 
of one subject . Each of the 10 nutrients examined correlated highly 
with the mean food energy (P<0.01). 
Over 80% of the pregnant girls met two-thirds or more of the 
RDA for protein, ascorbic acid, and three of the B-complex vitamins. 
Less than two-thirds of the RDA for iron and vitamin A value was 
supplied by the diets of 65% of the pregnant subjects in each age 
group. A larger percentage of the younger primigravidae (67%), 
in comparison with the older primigravidae (38%), failed to meet at 
least two-thirds of the RDA for calcium (1,700 mg for pregnant 
females 16 to 18 years old in contrast to 1,200 mg for the 18 to 22 
age group). Other studies of prospective mothers less than 20 years 
old have shown that diets tended to be low in calcium, iron, and 
Table 2. Mean daily intakes a of food ener_9Y__i!D_d_unlJ_t_rje_0_ts durin~ pregnancy compared with the RDA~ 
Mean dietar~ intakes RDA Supplementsc 
Age groups 
Number of subjects 






15 . 0-16.9 yr 
12 














Total 16.0-18.0 yr 
38 
2,048± 639 
73± 22 65 
87± 29 
251± 88 
967± 354 l ,700 250 
11+ 3 18 236 
Vitamin A, IU 
Ascorbic acid, mg 
Thiamin, mg 
Riboflavin, mg 
Niacin, preformed, mg 
4,221±3,073 4,667±3,289 4,526±3, 188 6,000 6,000 
72± 34 70± 41 70± 39 60 
l. 10±0.34 1. 10±0.39 1. 10±0.37 l .3 
l .8]±0.56 l .84±0.64 l .85±0.61 l .8 
13± 4 15± 5 14+ 5 l5f 
aDietary intakes were based on 5-day, food-intake records for 35 pregnant girls and on 24-hour food 
recall for three pregnant girls. 
bRecommended Dietary Allowances, 1968 revision. For pregnant girls over 18.0 years old the RDA 
used for calcium was 1,200 mg and for thiamin, 1. 1 mg. 
cAmounts given represent supplements only . One tablet daily of the supplement also provided : 
vitamin D 400 IU, pyridoxine HCl 3 mg, calcium pantothenate 5 mg, vitamin s12 2 mcg. 
dStandard deviation. 
eOne subject reported a diet which averaged 4,223 kcal per day in the third trimester. 
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vitamin A value (Stevens and Ohlson, 1967; King et al., 1972; Seiler 
and Fox, 1973). 
Of the pregnant girls, 27 were white and 10 were black (one 
subject came from an unidentified minority group). Except for 
calcium, diets of similar nutritive value were consumed during preg-
nancy by the two ethnic groups. The mean calcium intake of the white 
subjects (l,044~355 mg) was significantly higher (P<0.05) than that 
of the black girls (785~298 mg). 
Supplementary Sources of Nutrients 
Vitamin and mineral supplements prescribed routinely during the 
prenatal period supplied several essential nutrients in amounts that 
met or exceeded the RDA except for calcium and vitamin s 12 (Table 2). 
At the time dietary information was taken, 18 of the pregnant girls 
reported regular use of the supplements and 20 indicated irregular 
use of the prescribed supplements. Of the 18 regular users 14 
girls were in the older group. Several girls complained of un-
pleasant gastrointestinal effects from taking ferrous sulfate tablets. 
Often, iron supplements also were prescribed when the young mothers 
were discharged from the hospital after delivery. 
The multiple vitamin-mineral supplement provided 250 mg of 
calcium daily. Of the 18 pregnant girls who reported diets that 
supplied less than two-thirds of the RDA for calcium, nine girls 
took the supplements regularly. Even with the use of these sup-
plements, only four of the nine girls were able to meet at least 
two-thirds of . the RDA for calcium. 
Nutrient Intakes under Caloric Restriction 
To limit weight gain during pregnancy, dietary caloric restric-
tions were imposed on several of the subjects by their physician. 
Thirteen of the pregnant girls were on restricted diets during the 
period that the 5-day, food-intake records were obtained. The 
dietary prescriptions were 1,200 kcal per day for 10 girls, and 1,000, 
1,400, and 1,500 kcal per day for each of the .three other girls. The 
mean energy value of the diet of these girls was less than that of 
the 19 subjects who were without caloric restriction (Table 3). Only 
two of the 13 subjects, however, had mean caloric intakes within 
100 kcal of the prescribed restrictions. Ten of the 13 pregnant 
girls had mean daily intakes that exceeded the caloric restrictions 
by amounts ranging from 166 to 1,624 kcal. One subject on a 1,000-
kcal regime had a mean daily intake of 624 kcal (range 306-914 kcal). 
Individual daily intakes of food energy varied widely. 
Compared with values from the unrestricted group, the signifi-
cantly lower mean intake of food energy (Table 3) by the restricted 
group was associated with significantly reduced intake of protein, 
fat, carbohydrate, calcium, iron, thiamin, riboflavin, and pre-
formed niacin. Both the mean vitamin A value and ascorbic acid in 
the restricted diets were lower than the amounts in the unrestricted 
diets, but these differences were not significant. For the restricted 
group the mean food energy intake correlated highly (P<0.01) with 
protein (r=0.755), fat (r=0.916), carbohydrate (r=0.977), calcium 
(r=0.774), iron (r=0.908), thiamin (r=0.823), and riboflavin (r= 
0.803). Over 65% of the restricted diets supplied at least two-thirds 
of the RDA for protein, ascorbic acid, and the B-complex vitamins; 
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Table 3. Comparison of mean daily dietary inta ke s of primigravidae 
on calorically restricted and unrestricted diets. 
Mean dietar:t intakes _ 
Restricteda Unrestr ictedb 
Number of subjects 13 19 
Food energy, kcal 1,647 ± 560c 2,282 ± 635;';;';d 
Protein, g 61 ± 17 80 ± 24;'> 
Fat, g 69 ± 25 98 ± 29;';;'; 
Carbohydrate, g 203 ± 79 279 ± 90 ;'> 
Calcium, mg 816 ± 392 1,080 ± 319;'; 
Iron, mg 9 ± 2 12 ± 4;'; 
Vitamin A value, IU 3,396 ± l ,228 5,352 ± 4, 162 
Ascorbic acid, mg 64 ± 32 73 ± 39 
Thiamin, mg 0.90 ± 0.30 l . 18 ± 0.32;'> 
Riboflavin, mg 1.50 ± 0.55 2. 10 ± 0.58;';;'; 
Niacin, preformed, mg 12 ± 3 16 ± 5;'> 
alncluded data on subjects already on restricted diets when the 5-
day dietary records were taken; excluded five other subjects placed on 
restriction after intakes were recorded. 
blncluded data based on 24-hour dietary reca l l for th ree subjects. For 
the other 16 subjects, the 5-day dietary records we re used. 
cStandard deviation. 
d;' .. :•Mean difference between restricted and un restricted values was 
significant at the 1% level ; *significant at 5% leve l ; values with 
no asterisks were not significantly differen t . 
whereas, for calcium, iron, and vitamin A value, les~ than two-
thirds of the RDA was met by 60% or more of these diet~~ Calor i c 
restriction, thus, had reduced further the nutritive q~ality of the 
die t s consumed during pregnancy. 
1 
Diet ary Patterns During Pregnancy and Postpartum 
Table 4 g ives the mean dietary intakes of food energy and 10 
nutr ients by age groups for 21 subjects observed dur in g both preg-
nancy and postpartum periods, and for 16 non pregnant adolescents. 
At postpartum eight younger girls had significant ly lower mean 
dietary values than in pregnancy for food energy, protein, carbo-
hydrate, ca l cium, iron, ascorbic acid, and riboflavin. The re-
ductions in dietary fat, vitamin A value, thiamin, and preformed 
niacin at postpartum were not significant . For the 13 older girls 
postpartum intakes in mean food energy and several nutrients were 
less than du r ing pregnancy but not sign i ficantly so. 
Among the younger mothers the reduction in food energy at post-
partum reflect ed a significant dee] ine in the absolute amounts of 
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protein and carbohydrate, accompanied by some reduction in fat in-
take (Table 4). The mean proportions of these three energy-yielding 
nutrients in the diets during pregnancy and at postpartum, however, 
did not differ significantly. For the older moth ers the mean per-
centage of the total food energy derived from protein and fat showed 
no significant change 6 weeks after delivery, but the carbohydrate 
contribution decreased significantly (P<0.05) when compared with data 
during pregnancy. 
The distribution of food energy among seven major food groups 
during pregnancy was compared with the postpartum dat a. When examined 
by age groups, the data showed significant decline (P<0.01) at post-
partum in the mean food energy from the milk group for the younger, 
but not for the older, mothers. This food group provided mean daily 
values for calcium of 736~309 mg during pregnancy and 435~269 mg 
at postpartum for the younger group. As expected, the postpartum 
decrease in the milk group also reduced significantly the protein 
and riboflavin intakes. For the older girls the milk group contribu-
ted 681 ~ 264 mg of calcium to the diet during pregnancy and 614~ 
246 mg at postpartum. With the bread-cereal group (including both 
enriched and unenriched products) the mean food energy obtained 
decreased significantly at postpartum (P<0.05) for the older, but 
not for the younger, mothers. Neither age group showed significant 
changes in the caloric contribution of the meat, vegetable, fruit, 
fat, and sugar groups. 
Vitamin A value and ascorbic acid supplied by the vegetable 
and fruit groups were compared for diets during pregnancy and at 
postpartum (Table 5). Intakes of ascorbic acid, but not vitamin A 
value, from the vegetable group declined significantly at postpartum 
for the older mothers. No significant changes were noted in esti-
mated intakes of either nutrient from vegetables for the younger 
mothers. From the fruit group the younger mothers derived signifi-
cantly less ascorbic acid at postpartum than during pregnancy, with 
no significant changes in the vitamin A value from this food group. 
The vitamin A value and ascorbic acid supplied by fruits were not 
significantly different during pregnancy and postpartum for the older 
mothers. 
Table 6 gives the mean food energy from the three main meals 
and snacks during pregnancy and postpartum. For the younger girls, 
breakfast and snacks contributed significantly lower food energy at 
postpartum than during pregnancy. Mean food energy contributions of 
lunch and supper did not change significantly 6 weeks after delivery. 
There was no significant change in the distribution of food energy 
among the three meals and snac ks for the older girls when post-
partum meal patterns were compared with dietary practices during 
pregnancy. 
Eleven of the 21 subjects were single, and 10 were married. 
During pregnancy, these two groups showed no significant differences 
in the mean intakes of food energy and the 10 nutrients examined. 
At 6 weeks postpartum the mean dietary intakes of single and married 
subjects were similar, except for calcium. The married young 
mothers had a mean calcium intake of 918+266 mg, significantly higher 
(P<0.05) than that of 640+314 mg for the-single mothers. According 
to clinic records only two of the mothers (one married, one single) 
tried breast feeding their babies while confined in the hospital. 
When discharged, the married, but not the single girl, received a 
prescription for diethylstilbesterol (DES) to suppress lactation. 
No information was obtained on subsequent breast feeding practices 
Table 4. Dietary intakes of younger and older girls during pregnancy and postpartum with values for a reference 
groupa. 
Age groups 15.0-16.9 
Number of subjects 8 






V i tam i n A , I U 
Ascorbic acid, mg 
Thiamin, mg 
Riboflavin, mg 






I, 007±. 406 




l. 86±_0. 62 
I 3±. 4 
aNonpregnant high school girls. 
bStandard deviation. 
Mean intakes 
yr 17 . 0-19.9 :rr Total 14.9-17.9 yr 
I 3 21 16 
Postpartum Pregnancy Postpartum Pregnancy Postpartum Reference 
1 ,456±_ 711 ;'d•c 1 , 861±_ 466 1,743±. 531 1,917±. 570 1,634±. 606;'; l '711±. 574 
51±. 22;': 67±. 19 67±. 21 69±. 19 61+ 22 56±_ 24 
66±_ 38 78±. 25 81±_ ' 29 79±. 27 75±. 32 78±. 25 
169±. 77;';;': 231±. 60 194±. 55 241+ 78 184+ 63;'d: 202±_ 72 
643±. 372;'; 958±_ 258 852±. 264 976±. 313 772±. 318;':;': 724±_ 431 
7±. 3;'; 10±_ 2 10.::!.:_ 4 10+ 3 9±. 4 92: 3 
2,814±_2,484 4,679±_2,912 3,788±_1,9014,126±_2,4593,417±_2,136 3,854±_4,150 
42+ 21;';;': 76±. 46 53±. 26 74±. 38 49±. 24;':;'; 58±. 43 
0.76±_0.40 1.08±_0.43 1.00±_0.35 1.05±_0.38 0.91±_0.38 0.83±_0.38 
1 • 20±_0. 65;" 1. 77±_0.49 1. 62±_0 .46 1.81±_0.53 1.46±_0.56;':;'; 1.41±_0.91 
10±_ 5 13±. 5 13±. 5 13±. 4 11+ 5 11+ 4 
c;';;'•Mean difference between pregnancy and postpartum values was significant at the 1% level; ;"significant 
at 5% level; values with no asterisks were not significantly different. 
dWhen discharged from the hospital, 14 of the 21 girls received prescriptions for supplementary iron 





































Table 5. Mean vitamin A value and ascorbic acid from vegetable and fruit groups during pregnancy and 
postpartum together with reference data. 
No. 
Age groups of 
yr subjects 
15.0-16.9 









aStandard deviation . 
Veqetable qroup Fruit qroup 
Vitamin A value Ascorbic acid 
Preg- Post- Preg- Post-




nancy partum nancy partum nancy partum nancy partum 
I U mg IU mg 
420~730a 690±1,800 34±20 17±15 800±630 650±530 29±16 
450~850 910~1. 190 39±41 19±29~·- 1,200±940 920±770 29±17 
440~780 820±1,410 3]±34 18±24;'d; 1,050±840 820±690 29±16 




b;"Mean difference between pregnancy and postpartum value was significant at the 5% level; ;b"significant 
at the 1% level; values with no asterisks were not signifi ~antly different. 
























NUTRITIONAL STATUS OF ADOLESCENT PRIMIGRAVIDAE 
of the si ngl e girl. If she continued to breast-feed the baby, her 
mean daily intakes of food energy (1,046 kcal), protein (43 g), 
calcium (390 mg), and other nutrients were far below the RDA for a 
young lactating mother. All the other mothers with the possible 
exception of four girls (no DES indicated in clinic records) were 
given DES prescriptions. 
Dietary Patterns of Postpartum and Reference 
(Nonpregnant) Groups 
203 
At postpartum, the mean intakes of food energy and nutrients for 
21 primigravidae were similar to values for the 16 nonpregnant girls. 
Over 70% of the postpartum diets and 50% of the reference diets 
supplied at least two-thirds of the RDA for protein, ascorbic acid, 
and the three B-complex vitamins. A high proportion of the post-
partum (86%) and the reference (88%) diets provided l ess than two-
thirds of the iron allowance. Both diets were low a l so in calcium 
and vitamin A value (Table 4). 
Comparison of the postpartum and nonpregnant va lues showed no 
significant differences in the mean percentage contr ibutions of fat 
and carbohydrate to the total food energy. The proportion of food 
energy from protein, however, was significantly higher (P<0.01) in 
the postpartum group than in the nonpregnant group. There were no 
significant differences between the postpartum and reference diets 
in the caloric contributions of the three main meals and snacks 
(Table 6). The mean food energy distribution among the seven food 
groups studied in postpartum diets was not significantly different 
from the pattern in the reference diets. 
Table 5 shows the mean contributions of the vegetable and frui t 
groups to the vitamin A value and ascorbic acid of diets c6nsumed 
by all 21 subjects at postpartum and by the 16 nonpregnant girls in 
the reference group. The mean postpartum data were not significantly 
different from corresponding nonpregnant values. Vitamin A values 
from fruits and vegetables varied widely (indicated by high 
standard deviations). Mean ascorbic acid values from vegetables 
had higher standard deviations than amounts supplied by fruits. 
DISCUSSION 
The dietary pattern observed among the 21 adolescent girls at 
6 weeks postpartum resembled closely that of the 16 nonpregnant girls 
in the reference group. Mean intakes of the reference girls were 
lower than values reported for Iowa (Eppright, Sidwell, and Swanson, 
1954) and California (Hampton et al . , 1967) teenage girls. In the 
California study the 11 lower11 socioeconomic group tended to have diets 
of lower nutritive quality than did groups in the upper socioeconomic 
classes . Our nonpregnant group had mean intakes of food energy, fat, 
carbohydrate, and calcium similar to values reported for females 15 
to 17 years old in lower income groups included in a 1965 survey 
(U . S. Department of Agriculture, 1969). Except for ascorbic acid, 
a 1 1 other nutrients in our reference diets were lower than mean in-
takes of adolescent girls in the USDA survey. 
Compared with a recent study of pregnant teenagers in Cali-
fornia (King et al., 1972), our study on pregnant girls showed higher 
mean daily intakes of food energy, carbohydrate, calcium, and vitamin 
A value, but lower intakes of fat and ascorbic acid. Mean intakes 
of protein, iron, and B-complex vitamins were similar for the two 
Table 6. Distribution of food energy among meals and snacks during pregnancy and postpartum together 





















Mean contribution to total food enerqy 
Breakfast Lunch Supper Snacks 
Preg- Post- Preg- Post- Preg- Post- Preg- Post-
nancy part um nancy partum nancy part um nancy part um 
kca 1 kcal kcal kcal 






501±215 440±219 662±158 677±262 303±:216 259±173 










b*Mean difference between pregnancy and postpartum values was significant at the 5% level; **significant 
at the 1% level; values with no asterisks were not significantly different. 
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studies. Low-income pregnant adolescents in Nebraska (Seiler and 
Fox, 1973) recorded daily diets with a higher prote i n-calorie ratio 
but a lower mean intake of calcium than our subjects. 
If we can assume that the postpartum diets reflected food 
habits before conception, some changes in dietary patterns occurred 
with pregnancy for the 21 girls who were studied both during preg-
nancy and at postpartum. Diets reported in the third trimester of 
pregnancy were higher in mean food energy and essential nutrients 
than before pregnancy. Previous studies have reported similar in-
creases in intakes during pregnancy (King et al., 1972; Murphy and 
Wertz, 1954; McGanity et al., 1969; Taggart, 1961), and these dietary 
modifications may be attributed to a number of factors . Taggart 
(1961) reported that the majority of primigravidae experienced a 
definite increase in appetite and thirst during the early part of 
pregnancy, and that these changes usually became less frequent in 
late pregnancy. Murphy and Wertz (1954) observed that the increased 
intakes during pregnancy of nutrients closely associated with milk 
and citrus fruits suggested a possible positive influence of dietary 
instructions given to these women in the prenatal clinic. Cravings 
for certain foods develop frequently during pregnancy (Taggart, 1961; 
Stevens and Ohlson, 1967), more commonly among poorly nourished women; 
these cravings also tend to influence food habits in pregnancy. Ex-
pected seasonal trends in caloric comsumption of pregnant women were 
observed by Darby et al., (1953) with higher intakes of food energy 
in fall and winter than in spring and summer. In our study 60% 
of the dietary records during pregnancy was taken between November 
and March, and the remaining records were obtained in the following 
April and May. Previous food habits also may influence dietary 
adjustments during pregnancy. And a host of factors ( including en-
vironmental, cultural, socioeconomic, and psychological ) , combine to 
determine human dietary habits. Thus, the dietary changes observed 
with our pregnant girls may have been the result of the combined 
influence of several factors. 
The magnitude of dietary changes during pregnancy was greater 
among younger than older girls. The direction of change in dietary 
intakes also was more consistent for younger than for older girls. 
When pregnant, the younger girls consumed more foods from the milk 
group than at postpqrtum. Caloric contributions of breakfast and 
snacks were significantly higher during pregnancy than at postpartum 
in the younger group. After delivery, mean dietary intakes of the 
two age groups (Table 4) did not differ significantly. 
Although the younger girls increased their intake of foods 
from the milk group during pregnancy, the mean daily intake of cal-
cium (l,007 mg) was considerably less than the RDA of l,700 mg. The 
lack of adequate calcium in the diet of the pregnant girls strongly 
indicated the need for greater emphasis in counseling on the im-
portance of milk in the diet during pregnancy. Stress should be 
placed on an increase in intake of milk fortified with vitamins A 
and D rather than an increase in calcium supplement from a pharma-
ceutical preparation. This is because milk is an excellent source 
of protein, riboflavin, vitamin A, and of calcium in desirable ratio 
to phosphorus and added vitamin D. 
The lower milk consumption of the black pregnant girls probably 
reflected their customary intakes. There seems to be no question 
here of intolerance to lactose since the black girls were able to 
tolerate the milk they drank. Lactose intolerance is more prevalent 
among non-Caucasians than Caucasians (National Research Council, 
206 GARCIA, BREWER, and MERRITT 
1972). The condition is characterized by low intestinal lactase 
activity and may be caused by complete absence of milk in the diet 
after the nursing period. 
During pregnancy and postpartum, subjects in both age groups 
reported diets relatively low in fruit and vegetable sources of 
vi:,tamin A value and ascorbic acid. Only one girl had carotene-rich 
fruits and vegetables in her dietary record both during pregnancy 
and in postpartum. Four girls had no citrus fruits in either period. 
All but two girls derived important amounts of ascorbic acid from 
white potatoes during pregnancy and postpartum ; 12 girls used some 
tomatoes in their diets. The scarcity of vitamin -r!ch fruits and 
vegetables in the diets of these girls may have been the result 
of decreased availability of these foods in fall and winter when 
food records were taken. Economic factors also would influence the 
choice of fruits and vegetables during these seasons. The lack of 
acceptability by adolescents of dark-green and deep-yellow vegetables 
has been of concern to nutritionists (Eppright and Roderuck, 1955), 
and the limited use of these foods by our sub jects may reflect food 
dis 1 i kes. 
The use of ferrous sulfate or other iron compounds as a dietary 
supplement during pregnancy is an established practice for prevention 
of iron-deficiency anemia. The diets of the reference girls and of 
the subjects at postpartum supplied an average of 9 mg per day, or 
only 50% of the RDA for this age group. Thus, it may be assumed that 
the subjects were not in a good state of iron nutrition before 
pregnancy . 
Although the pregnant adolescents in this study were medically 
indigent, the diets reported by them supplied satisfactory amounts 
(in relation to the RDA) of ascorbic acid, thiamin, riboflavin, and 
niacin; therefore, supplementary sources of these nutrients were un-
necessary for many of the girls. The mean dietary intake of protein 
also was adequate. Additional amounts of milk and milk products, 
carotene-rich vegetables, and foods high in iron would have greatly 
improved the diets of these pregnant girls. 
Food habits are generally established in early childhood, thus, 
the teaching of nutrition should begin at this time and be reinforced 
throughout the adolescent period. Then, adolescent girls will enter 
pregnancy in good nutritional status and their chances for successful 
reproduction will be increased further. In addition, the young 
mothers with good eating habits will be better equipped for feeding 
their offspring, and their efforts should benefit the next generation. 
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